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ABSTRACT 
Introduction: Fluid overload is a known complication 
in patients with diabetes mellitus, particularly those  
with cardiovascular and/or chronic kidney disease  
(CKD). This study investigates the impact of fluid  
overload on healthcare utilisation and its association  
with diabetes-related complications.

Method: Electronic medical records from the  
SingHealth Diabetes Registry (2013–2022) were  
analysed. Hospitalisations due to fluid overload 
were identified using International Classification of  
Diseases, 10th Revision (ICD-10) discharge codes. 
Trends were examined using Joinpoint regression, and 
associations were assessed with generalised estimating 
equation models.

Results: Over a period of 10 years, 259,607 individuals 
treated at primary care clinics and tertiary hospitals 
were studied. The incidence of fluid overload-related 
hospitalisations decreased from 2.99% (n=2778)  
in 2013 to 2.18% (n=2617) in 2017. However, this 
incidence increased from 2.42% (n=3091) in 2018  
to 3.71% (n=5103) in 2022. The strongest associations 
for fluid overload-related hospitalisation were found  
with CKD stages G5 (odds ratio [OR] 6.61, 95% 
confidence interval [CI] 6.26–6.99), G4 (OR 5.55, 95% 
CI 5.26–5.86) and G3b (OR 3.18, 95% CI 3.02–3.35), 
as well as with ischaemic heart disease (OR 3.97, 95% 
CI 3.84–4.11), acute myocardial infarction (OR 3.07, 
95% CI 2.97–3.18) and hypertension (OR 3.90, 95%  
CI 3.45–4.41). Additionally, the prevalence of stage 
G5 CKD among patients with fluid overload increased 
between 2018 and 2022. 

Conclusion: Our study revealed a significant increase 
in fluid overload-related hospitalisations and extended 
lengths of stay, likely driven by severe CKD. This 
underscores an urgent need for initiatives aimed 
at slowing CKD progression and reducing fluid  
overload-related hospitalisations in diabetes patients.
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CLINICAL IMPACT

What is New

•	 There has been an increasing trend in the 
number of patients with diabetes mellitus 
experiencing at least 1 hospital admission due 
to fluid overload within the SingHealth system in 
Singapore. This trend correlates with  
a growing healthcare burden.

•	 Our analysis indicates that the progression to 
end-stage chronic kidney disease (CKD) is a 
significant factor contributing to these trends.

Clinical Implications

•	 There is an urgent need for interventions to 
slow the progression of CKD and to reduce 
fluid overload-related hospitalisations among 
patients with diabetes mellitus. 

INTRODUCTION
Diabetes mellitus (DM) is a major global health 
problem, contributing to significant clinical disease 
burden, healthcare expenditure and societal 
costs.1 In Singapore, DM accounts for 2.9% of 
disability-adjusted life years and 4.3% of years 
lived with disability.2,3 By 2030, it is projected to 
cost approximately USD 1.89 billion in healthcare 
spending.4 The burden and costs of DM are 
expected to worsen due to the rising prevalence of 
diabetes-related macrovascular and microvascular 
complications, particularly cardiovascular disease 
(CVD) and chronic kidney disease (CKD).5,6 
Furthermore, type 2 DM (T2DM) is a major risk 
factor for cardiorenal syndrome (CRS),7 a condition 
where CVD and CKD interact, leading to worsening 
dysfunction of both systems.8 Decompensated 
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CVD, CKD and CRS often present as symptomatic 
fluid overload and/or acute decompensated heart 
failure,9 necessitating hospitalisation.10–12 Severe 
fluid overload increases the risk of ventilatory 
support in the intensive care unit, prolonged 
hospitalisations, or recurrent hospitalisations,13  
thus contributing significantly to morbidity, mortality 
and healthcare costs. 

As CVD and CKD become more prevalent among 
individuals with DM,5 the occurrence of CRS 
and fluid overload is expected to lead to higher 
healthcare expenditure and productivity losses,14 
a trend observed in the US.15 Between 2018 and 
2021, we noted an increase in hospitalisations due 
to fluid overload among individuals with diabetes 
in Singapore.12 However, the healthcare utilisation 
characteristics related to fluid overload in these 
patients have not been fully described. Fluid  
overload is a potentially avoidable and ambulatory-
sensitive cause of unplanned hospitalisations. 
Understanding the trends and drivers of healthcare 
utilisation for fluid overload can inform targeted 
interventions and resource allocation to reduce 
hospitalisations and healthcare costs associated  
with diabetes. Therefore, we aimed to examine the 
long-term trends in hospitalisations due to fluid 
overload and explore the plausible reasons for  
these trends. 

METHOD

Study design and population
We utilised data from the multi-institutional 
SingHealth Diabetes Registry (SDR), a comprehen-
sive repository from the Singapore Health Services 
(SingHealth) Regional Health System in Singapore. 
We examined trends of fluid overload in the  
registry cohort from 2013 to 2022. The SDR  
includes data from electronic medical records and 
clinical databases, covering primary to tertiary  
care. It encompasses all individuals aged 18  
and above diagnosed with DM, excluding those 
with pre-diabetes. Cases are annually identified 
using criteria that incorporate diagnosis codes 
(International Classification of Disease, 9th Revision 
[ICD-9] and 10th Revision [ICD-10]), prescription 
records and laboratory test records.16

Outcome ascertainment
Hospitalisations due to fluid overload were 
determined using ICD-10 diagnosis codes (E877, 
I50, I500, J81, N04 and R601) for fluid overload, 
heart failure, congestive heart failure, pulmonary 
oedema, nephrotic syndrome and generalised 
oedema, respectively. Fluid overload could be 
the principal cause of hospitalisation (coded 

as primary discharge diagnosis) or could occur 
alongside another condition (coded as secondary 
discharge diagnosis). Thus, we analysed trends  
and associations for fluid overload both as the 
“principal diagnosis” (i.e. primary discharge 
diagnosis) and the “discharge diagnosis” (i.e. either 
the primary or secondary discharge diagnosis).  
To evaluate the healthcare burden attributable 
to fluid overload, we analysed the proportion of 
individuals who had 1 or more hospitalisations 
due to fluid overload each calendar year. We  
also examined the total number of hospitalisations 
caused by fluid overload and the total length of  
stay (LOS) for all fluid overload-related hospitalisa-
tions within a year. The total LOS was calculated 
as the sum of the LOS of all hospitalisations in a 
calendar year where fluid overload was either the 
principal or discharge diagnosis. The average LOS 
per patient with fluid overload was determined by 
dividing the total LOS by the number of patients 
with fluid overload-related hospitalisations.

Explanatory variables
A total of 17 sociodemographic and clinical 
variables related to diabetic complications were 
evaluated. These included age, sex, housing 
type (used as a surrogate measure of socioeco-
nomic status), smoking status, mean HbA1c 
over 1 year, estimated glomerular filtration rate  
(eGFR) category, hypertension, hyperlipidaemia,  
and diabetes-related macrovascular and microvas-
cular diseases. The macrovascular diseases included 
ischaemic heart disease (IHD), peripheral arterial 
disease, stroke (both ischaemic and haemorrhagic). 
The microvascular diseases included lower extremity 
amputation (both major and minor), diabetes-
related eye complications, and diabetic foot 
complications. eGFR was calculated using the last 
serum creatinine value of the calendar year and  
the CKD EPI 2021 equation.17 eGFR categories  
were aligned with the Kidney Disease: Improving 
Global Outcomes (KDIGO) nomenclature.18 The 
criteria for ascertaining these macrovascular and 
microvascular diseases have been described 
previously.5 

Statistical analyses
The analysis was conducted for 4 age bands;  
18–44 years (age band 1), 45–64 years (age band 
2), 65–74 years (age band 3), and 75 years and 
older (age band 4) to control for age effects on 
trend estimates. When calculating event rates, the 
denominator included all patients present in the 
registry each year, while the numerator consisted 
of those who experienced the outcome. Patients 
who died but experienced specific outcomes 
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within their year of death were included in the 
analysis for that year but excluded from the  
registry in subsequent years. Joinpoint regression 
methodology19 was used to analyse trends in 
the event rates of fluid overload hospitalisations, 
allowing a maximum of 1 Joinpoint based on the 
10 years of observations. Generalised estimating 
equation (GEE) models were employed to evaluate 
the associations between fluid overload and 
explanatory variables. Multivariable GEE regression  
models were constructed to assess the association 
between explanatory variables and the occurrence 
of fluid overload-related hospitalisation, the  
number of such hospitalisations, and the LOS 
for these hospitalisations. The covariables were  
determined a priori, including all 17 sociodemo-
graphic and clinical variables in the multivariable 
GEE regression models. We used the binomial  
family with a logit link for the occurrence of at  
least 1 fluid overload-related hospitalisation (a 
binary outcome) within the calendar year, and 
Poisson family with a log link for the number of 
hospitalisations for fluid overload or total LOS. 
All GEE models included the calendar year as an 
independent variable and were adjusted for the 
confounding effect of age. Additional descriptive 
analyses were performed on variables identified 
by the GEE models as having the strongest 
associations. All analysis were performed using 
Stata version 14.0 (StataCorp, College Station, TX, 
US) or Joinpoint Regression Program version 5.02 
(Statistical Methodology and Applications Branch, 
Surveillance Research Programme, National Cancer 
Institute, US). The study was reported according to 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) checklist  
(Supplementary Table S1).

Ethics approval
The SingHealth Centralised Institutional Review 
Board (CIRB) determined that an ethics review 
was not required for the use of de-identified data 
obtained during routine clinical care (SingHealth 
CIRB reference number: 2022/2133). Since all 
participant data were de-identified, a waiver for 
participant consent was also granted.

RESULTS
This study included 259,607 unique patients. 
The characteristics of the registry are detailed in 
Table S2. Throughout the study period, the sex 
and ethnicity of the registry closely mirrored that 
of the Singapore population.20 In 2022, nearly all 
patients in the registry (98.78%) had T2DM, with 
a small proportion (<1%) having type 1 or other 
types of diabetes (e.g. drug-induced, gestational, 

monogenic and secondary diabetes). The SDR is a 
dynamic cohort, and movement of the population in 
and out of the registry is illustrated in Fig. S1.

Trends in fluid overload
Over the study period, we observed an increase in 
the proportion of patients in the registry admitted 
for fluid overload (Table 1). In 2013, 0.94% of the 
registry (n=877) had at least 1 hospitalisation 
where fluid overload was the principal diagnosis. 
This prevalence decreased to 0.67% in 2017 
but then sharply increased to 1.34% (n=1849) in 
2022. A similar trend was seen for fluid overload 
as a discharge diagnosis, where the prevalence 
decreased from 2.99% (n=2778) in 2013 to  
2.18% (n=2618) in 2017 and increased to 3.71% 
(n=5103) in 2022. The total LOS for all patients  
with fluid overload, whether as the principal  
diagnosis or discharge diagnosis, also increased 
over the study period. After adjusting for the  
number of patients with fluid overload in the  
registry, it was found that the average LOS per 
patient increased over time, indicating that patients 
spent longer durations in the hospital in the later 
years of the study. 

Fig. 1 and Table S3 demonstrate that older adults  
in age bands 3 and 4 experienced event rates of 
at least 1 fluid overload-related hospitalisation that 
were 2 to 5 times higher than those of younger  
adults in age band 1. Additionally, Fig. 1 shows that 
older adults in age band 4 exhibited the steepest 
increase in the rates of fluid overload-related 
hospitalisation for both principal and discharge 
diagnoses.

Joinpoint regression (Fig. 1) revealed that there 
was a statistically significant change in trends for  
fluid overload across all age bands, for both  
principal and discharge diagnoses. There was an 
initial decline from 2013 to 2017, followed by an 
increase from 2017 to 2022. Table S3 shows that  
in all Joinpoint models indicated a positive and 
statistically significant annual percentage change 
(APC) for the segments from 2017 to 2022. In age 
band 4, the APC was 15.39% (95% confidence  
interval [CI] 12.39%, 20.37%) for fluid overload  
as the principal diagnosis and 11.26% (95%  
CI 6.39%, 24.81%) for fluid overload as the  
discharge diagnosis. The dynamic nature of the  
SDR cohort (Fig. S1) added complexity to the  
analysis of fluid overload hospitalisation trends.  
To address this, we examined the flow of patients 
with fluid overload. Fig. S2 showed the trends in  
the annual inflow of patients. Between 2013 and 
2017, there was a decrease in the absolute number 
of new patients admitted for fluid overload, while 
the number of patients with fluid overload already 
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Fig. 1. Trends in fluid overload-related hospitalisations by age bands. 

included in the previous year’s registry remained 
relatively constant. Starting in 2018, there was a  
rise in the number of newly diagnosed patients  
with fluid overload, including both new entrants 
to the SDR and those already present in the SDR  
from the previous year, across both principal and 
discharge diagnosis categories.

Variables associated with fluid overload-related 
hospitalisations 
Patients with stages G3b–G5 CKD, hypertension, 
IHD and acute myocardial infarction (AMI) had 
the highest odds of experiencing at least one 
hospitalisation for fluid overload, whether as the 
principal or the discharge diagnosis, throughout  

the study period (Table 2). These associations 
remained consistent when analysed using individual 
logistic regression models for each year (data 
not shown). Similarly, these factors were also 
most strongly associated with the number of fluid 
overload-related hospitalisations and total LOS. 

Detailed trends in CKD and IHD 
Given the strong association between CKD and  
IHD with fluid overload-related hospitalisations 
(Table 2), we further examined the trends in these 
variables in Figs. 2 and 3 and Table S4. Fig. 2 shows 
an increase in the proportion of stage G5 CKD 
between 2018 and 2022 among those with fluid 
overload-related hospitalisations (Figs. 2b and 2c), 
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associated with fluid overload, both as principal  
and discharge diagnoses. These associations 
remained strong in GEE models for the number  
of hospitalisations and LOS (Table 2). This indicates  
that G3b–G5 CKD, IHD, AMI and hypertension 
are linked not only to fluid overload but also to 
the increasing healthcare burden resulting from it.  
From 2013 to 2016, we observed an initial decline  
in the proportion of patients with stage G5 CKD, 
both with and without fluid overload (for both 
principal and discharge diagnoses; Figs. 2a, 2b  
and 2c, Table S4). This suggests that the initial  
decline in fluid overload may be partially due to  
the reduced number of patients with advanced  
CKD during the earlier years of the study. However, 
from 2018 to 2022, there was an increasing  
proportion of patients with stage G5 CKD, both  
with and without fluid overload (for both principal  
and discharge diagnoses) between 2018 and 
2022 (Figs. 2a, 2b and 2c, Table S4), which aligns 
with the increasing trend in fluid overload-related 
hospitalisations (Fig. 1) This suggests that the 
progression to stage G5 CKD may be a significant 
driving factor.

This observation may also explain the sharp  
increase in fluid overload-related hospitalisations 
and LOS in older adults. In this population, the 
combination of diabetes, hypertension and obesity 
heightens the risk of CKD, IHD and possibly CRS. 
However, studying CRS is technically challenging 
because clinical codes for CRS and its four  
subtypes have not yet been defined. Additionally, 
creating and interpreting interaction terms between 
CRS, CKD and IHD in a GEE model can be 
complex. Future research could aim to model these  
interactions through causal modelling approaches. 
The increasing proportion of patients with stage  
G5 CKD and fluid overload within the existing  
SDR cohort (Figs. 3c and 3d) is worrisome. Despite 
evidence that guideline-directed medical therapy 
(GDMT) can slow CKD progression,22 our findings 
suggest that the benefits of GDMT are not yet fully 
realised at the population level, possibly due to 
delays in its uptake.12 Factors contributing to this 
delay include clinical inertia among patients and 
physicians,23 low awareness of CKD among patients, 
multimorbidity, fragmented CKD care, and high 
drug prices.24 Therefore, we welcome recent efforts 
to promote adherence to GDMT, including clinical 
practice guidelines by the Singapore Agency for  
Care Effectiveness25 and drug subsidies. 

Interestingly, the number of new SDR patients  
who experienced fluid overload-related hospitalisa-
tions and stage G5 CKD also increased (Figs. 3a,  
3b and Table S4). This suggests that more patients 
who are not previously engaged with SingHealth’s 

with the most significant increase observed when 
fluid overload was the principal diagnosis (Fig. 
2b). This trend was evident among patients newly  
added to the SDR each year (Figs. 3a and 3b) as 
well as those already  present in the previous  
year’s registry (Figs. 3c and 3d). Conversely, the 
proportions of CKD stages 3B, 4 and 5 remained 
unchanged over the years among the entire 
SDR population (Fig. 2a) and those without fluid 
overload-related hospitalisations (Figs. 2d and 2e). 

We observed a gradual increase in the prevalence 
of IHD in the entire SDR cohort (Fig. S3a, Table 
S5), consistent with our earlier study.5 Interestingly,  
there was no significant change in the prevalence of 
IHD among patients with fluid overload, whether as 
the principal or discharge diagnosis (Figs. S3b and 
S3c, Fig. S4). 

DISCUSSION
In this study, we observed a rising rate of 
fluid overload-related hospitalisations among  
individuals with diabetes over the past decade.  
This increase was accompanied by a growing 
healthcare burden attributable to fluid overload,  
as evidenced by a rise in total inpatient bed days 
and average LOS. We found that stages G3b–
G5 CKD, IHD, AMI and hypertension were most  
strongly associated with fluid overload, both as 
principal and discharge diagnoses. Furthermore, 
the prevalence of stage G5 CKD among patients 
with fluid overload had increased alongside the 
rise in fluid overload-related hospitalisations over 
the past five years. This study offers valuable 
insight into the epidemiology of fluid overload-
related hospitalisations among individuals with  
DM. Joinpoint analysis revealed a decline in fluid 
overload rates from 2013 to 2017, followed by 
a significant increase from 2018 to 2022. The 
inflection point in 2017 across all Joinpoint models 
may be attributed to extrinsic factors. Notably, that 
year, the Ministry of Health restructured the public 
healthcare system, transferring two polyclinics 
previously managed by SingHealth to other 
healthcare clusters.21 Consequently, we observed 
a significant outflow of more than 20,000 patients 
from the SDR in 2017 (Fig. S1). These patients  
may have sought care with other healthcare  
clusters if they experienced fluid overload. However, 
these changes cannot fully explain the sustained 
increase in fluid overload-related hospitalisations 
and LOS between 2018 and 2022.

Our analysis suggests that the changes in the 
prevalence of fluid overload-related hospitalisa- 
tions may be attributed to the progression of  
CKD. Utilising GEE models, we found that stages  
G3b–G5 CKD, IHD, AMI and hypertension are 
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healthcare system were entering the SDR with 
late-stage CKD and in fluid overload in recent 
years. These individuals may have been receiving 
care at other healthcare settings before entering  
the SingHealth care system late in their CKD 
progression, or they may not have been diagnosed 
with CKD or receiving regular follow-up care. In  
both instances, our results highlight the urgent 
need for national-level programmes to identify 
individuals with CKD, ensure continuity of care  
across all healthcare settings, and facilitate advance 
care planning in anticipation of progression to  
kidney failure.26 In this study, we conducted an 
extensive longitudinal analysis of fluid overload 

trends among a multiethnic cohort of individuals  
with diabetes. Our detailed analysis supports the 
Lancet Commission’s call to action to improve  
diabetes care by identifying populations at risk 
of adverse health outcomes.27 It offers valuable 
insights for public health interventions and future 
research as Singapore grapples with a rapidly  
ageing population. Based on these results, our  
hospital system is planning to implement or expand 
population health programmes to reduce fluid 
overload-related hospitalisations and slow the 
progression of CKD.28 The issues identified by this 
study may also apply to other healthcare systems 
with ageing or super-ageing populations.

Fig. 2. Characteristics of eGFR-defined CKD status among different subgroups of patients in the SingHealth Diabetes Registry (SDR). 

Fig. 3. Characteristics of eGFR-defined CKD status among patients with fluid overload: (a) and (b) refer to new patients in the  
registry who were not in the registry in the previous calendar year; (c) and (d) refer to existing patients in the registry; and (e) and  
(f) refer to patients who had left the registry in the preceding calendar years then re-entered in that calendar year.  

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate 

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate
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The limitations of our study arise from the  
dynamic nature of the SDR, particularly patients 
who exit the registry to seek clinical care at other 
healthcare institutions. The absence of data on 
fluid overload outcomes from other healthcare 
clusters or the private sector could influence our 
results. However, since the SingHealth cluster is the 
largest of the healthcare clusters in Singapore, the  
observed trends are likely similar in other clusters. 
Additionally, there may be bias related to outcome 
ascertainment as we used discharge codes that 
may be influenced by physician documentation 
and clinical coding practices. To minimise the bias, 
we considered fluid overload as both principal 
and discharge diagnoses and used a range of ICD  
codes (Table S6) to identify patients experiencing  
fluid overload in the context of DM and kidney  
disease, including those with unrecognised 
heart failure with preserved ejection fraction, 
which might not be included in studies focusing 
solely on heart failure.29,30 Furthermore, while we 
analysed sociodemographic and clinical factors as 
potential explanatory variables, other drivers for  
the outcomes, such as socioeconomic determinants 
of health (e.g. personal income and educational  
level) and comorbidities (e.g. frailty and infection), 
were not included in this analysis. Interactions 
between  the variables were not explored and 
should be considered in future analyses. Finally, 
our results  may not be generalisable to 
other healthcare  settings where the prevalence 
and risks of CKD and IHD differ. 

CONCLUSION
This study highlighted an increasing occurrence 
of fluid overload-related hospitalisations within a 
significant and representative subsection of the 
Singapore population. Alarmingly, our findings 
suggest that the rising rates of fluid overload may 
indicate an impending surge in kidney failure 
cases across Singapore, with direct implications for 
healthcare utilisation. There is an urgent need for 
efforts to slow the progression of CKD and reduce 
fluid overload-related hospitalisations. 
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