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Abstract

Aims: We aimed to investigate the temporal risk patterns of severe hypovolemia

induced by sodium-glucose cotransporter-2 inhibitors (SGLT2i) in patients with type

2 diabetes mellitus.

Materials and Methods: We conducted a self-controlled case series using claims data

from Japan. Patients who were prescribed SGLT2i for treating type 2 diabetes melli-

tus and experienced severe hypovolemia were enrolled. The primary analysis evalu-

ated the adjusted incidence rate ratios (IRRs) of exposure risk periods (Days 1 to

30, Days 31 to 90, Days 91 to 180 and Days ≥181) with their corresponding 95%

confidence intervals (CIs), calculated using a multivariable conditional Poisson regres-

sion model, relative to that of the unexposed control period.

Results: A total of 1200 new users of SGLT2i with 1334 severe hypovolemia events

were included. The median follow-up and treatment periods were 3.66 and

2.53 years, respectively. The cohort was predominantly male (78.4%) with a median

age of 54.1 years. A higher risk of severe hypovolemia associated with SGLT2i was

observed particularly in the first 30 days (adjusted IRR 7.39, 95% CI 6.09–8.96) of

treatment initiation. Secondary analyses highlighted the first 22 to 28 days (adjusted

IRR 15.24, 95% CI 11.92–19.48) of treatment as the highest risk period for severe

hypovolemia.

Conclusions: SGLT2i use in patients with type 2 diabetes mellitus was associated

with a higher risk of severe hypovolemia, particularly within the first 30 days of treat-

ment initiation, with the highest risk observed during 22 to 28 days.

K E YWORD S

hypovolemia, observational study, sodium-glucose cotransporter-2 inhibitors, temporal risk
pattern, type 2 diabetes mellitus

1 | INTRODUCTION

Type 2 diabetes mellitus is a serious public health concern with a con-

siderable impact on human health and healthcare expenditures.1 Its

prevalence has dramatically increased in recent years. In 2021,

approximately 529 million people worldwide were living with diabe-

tes, with a global age-standardized total diabetes prevalence of 6.1%.1

Diabetes represents a substantial burden on the healthcare system,

with global health expenditures reaching US$966 billion in 2021, a

figure projected to exceed $1054 billion by 2045.1
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Sodium-glucose cotransporter-2 inhibitors (SGLT2i) have demon-

strated promising therapeutic effects by lowering blood glucose levels

through the inhibition of glucose reabsorption in the kidneys.2 In addi-

tion to lowering blood glucose and preventing cardiovascular death,

heart failure and kidney disease progression,3 SGLT2i reduces hepatic

fat content3,4 and fibrosis in the liver.3 However, the potential

adverse event of hypovolemia cannot be overlooked.2,5,6 Clinical

studies have reported a significant increase in urine volume and uri-

nary sodium excretion after SGLT2i treatment,7,8 which is attributed

to osmotic diuresis and natriuretic effects.9 Clinical practice guide-

lines have highlighted the risk of hypovolemia in patients treated

with SGLT2i.2,5,6 These guidelines caution about the potential

adverse effects of reduced fluid volume due to the diuretic effects

of SGLT2i and recommends regular monitoring of patients for symp-

toms, such as hypotension, changes in weight and volume status.2,5,6

Pooled data from randomized controlled trials (RCTs) of SGLT2i, as

reported in the US package inserts, indicated increased rates of

hypovolemia-related events (0.3 to 4.4%) than in placebo groups (0%

to 1.5%).6 Furthermore, meta-analyses demonstrated that SGLT2i

treatment increases the risk of hypovolemia in patients with type

2 diabetes mellitus than placebo.10–12

Considering the aforementioned benefits of SGLT2i, specific elu-

cidation of the timing and duration of increased hypovolemia risk

induced by the initiation of SGLT2i would be crucial for optimizing

the use of this treatment, as adverse reactions of hypovolemia can

lead to or be associated with life-threatening conditions, such as dia-

betic ketoacidosis, symptomatic hypotension and acute kidney

injury.2,5,6,13 However, no clinical evidence has been provided regard-

ing the timing yet. Therefore, we aimed to conduct a self-controlled

case series (SCCS) study to evaluate the temporal risk patterns of

severe hypovolemia over SGLT2i-exposure periods (Days 1–30, 31–

90, 91–180 and ≥181) compared to that during an unexposed period

in patients with type 2 diabetes mellitus.

2 | MATERIALS AND METHODS

2.1 | Data source

We used claims data from the Japan Medical Data Center (JMDC

Co., Ltd., Japan) claims database.14 It is a large nationwide database

of health insurance claims that has collected receipts (inpatient,

outpatient and pharmacy) and medical check-up data from health

associations since January 2005. As of March 2024, the cumulative

dataset includes approximately 19 million insured individuals, pri-

marily company employees and their family members. An encrypted

personal identifier is used to link claims data from different hospi-

tals, clinics and pharmacies unless the individual moves to another

insurance provider. This enables the tracking of medical informa-

tion across various healthcare facilities within the same health

insurance system, making it widely used for epidemiological studies

in Japan.4,15

2.2 | Self-controlled case series study design

We adopted the SCCS design16,17 for this study. We selected patients

who experienced both SGLT2i treatment and severe hypovolemia

events, and compared the risk of severe hypovolemia events bidirec-

tionally during the follow-up period using different time windows,

with and without SGLT2i exposure. The SCCS design evaluates differ-

ent time windows (i.e., lengths of time) for the same individual16 and

determines whether triggering effects exist during the exposure

period, whereas a cohort study assesses whether cumulative effects

are greater in exposed patients than in unexposed patients.18,19 A

major strength of the SCCS design is its ability to minimize

confounding by implicitly controlling for both measured and unmeasured

time-invariant confounding factors, since each case acts as its own con-

trol.16,17,19 Originally developed for vaccine safety evaluations, the SCCS

design has been applied in various contexts, particularly where precise

information on the size of the at-risk population is unavailable or identifi-

cation of an appropriate comparison group is challenging, for instance, in

studies on the adverse effects of drug treatments.17

2.3 | Patients

Cases were identified as patients who received at least one prescrip-

tion of SGLT2i, had at least one claim with a diagnosis of type 2 diabe-

tes mellitus within 180 days before the index date (defined as the

date of the first SGLT2i prescription) and experienced an incidence of

severe hypovolemia during the observation period (from 1 April 2012

to 31 December 2023). The observation period began on 1 April

2012, since claims records in the national health insurance reimburse-

ment scheme in Japan did not include information on dates before

31 March 2012.20 The study included new users of SGLT2i who had

at least 180 days of continuous enrollment and no recorded use of

SGLT2i before the index date. We applied a new user design in which

the effects associated with treatment duration could be assessed.21

Hypovolemia was diagnosed based on the International Classifi-

cation of Diseases 10th revision (ICD-10) codes from previous obser-

vational studies.22,23 However, no observational study has validated

the diagnosis of hypovolemia yet. We considered defining the study

outcome to minimize the risk of misclassification. Severe hypovolemia

was defined as a hospitalized case of hypovolemia associated with the

ICD-10 code E86 (volume depletion) or Standard Disease Code

8835370 (hypovolemia shock) in conjunction with specific hypovole-

mia treatments (Table S1). The hypovolemia events were excluded if

patients were hospitalized within 30 days before or after these events

and if the following medical conditions, which are not clearly associ-

ated with the pharmacological effects of SGLT2i but are potential

contributors to hypovolemia,24 were presented: trauma or burns,

infectious diseases, non-infective enteritis and colitis. A second or

subsequent event of severe hypovolemia was classified as a recur-

rence if it occurred more than 7 days after the previous event.25

Patients with type 1 diabetes mellitus, gestational diabetes or
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secondary diabetes within 180 days before or on the index date were

excluded. Definitions of the diseases and medications used in this

study are detailed in Table S1. The follow-up started either 180 days

before the first type 2 diabetes mellitus diagnosis or on 1 April 2012,

whichever occurred later, and continued until treatment discontinua-

tion, end of the database enrollment (including death) or end of the

study period (31 December 2023), whichever occurred first. The cur-

rent study was approved by the Institutional Review Board of Kyoto

University (application number: R4527). The requirement for individ-

ual consent was waived because the study used anonymized data.

2.4 | Exposure

The exposure risk periods were categorized as Days 1–30, 31–90,

91–180 and ≥181 after the index date, based on references regarding

the diuretic effects observed in clinical pharmacological studies9 and

hypovolemia events reported in the long-term extension safety study

of canagliflozin.26 We incorporated a 30-day grace period27 and

extended the exposure effect window to 30 days after the expiration

of the last prescription. To minimize the impact of the occurrence of

an event on subsequent exposures, two consecutive pre-exposure

periods were defined as Days 30�16 and Days 15�1 before the

index date to evaluate whether a recent event of severe hypovolemia

affected the likelihood of the SGLT2i prescription.17,19 The remaining

period was defined as the unexposed control period. The study

scheme delineating the index date, follow-up period, control period

and pre-exposure and exposure periods is shown in Figure S1.

2.5 | Statistical analysis

The baseline characteristics of patients for whom SGLT2i treatment

was initiated were summarized. Categorical variables were reported

as percentages and continuous variables were reported as medians

with interquartile ranges. To evaluate the association between expo-

sure to SGLT2i and the risk of severe hypovolemia, we used a multi-

variable conditional Poisson regression model to calculate the

adjusted incidence rate ratios (IRRs) and their corresponding 95% con-

fidence intervals (CIs) in the pre-exposure and exposure risk periods

compared to that in the unexposed control period in the primary anal-

ysis. The time-varying covariates were adjusted for the outcome of

severe hypovolemia, including age, renal dysfunction defined by esti-

mated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 and pre-

scription of diuretics (Table S1), which are considered risk factors for

hypovolemia.2,11,13,28 The eGFR values were calculated using medical

check-up data in the database.

We performed secondary analyses to evaluate the impact of dif-

ferent risk window lengths on the study outcomes29 and identified

the period with the highest risk of severe hypovolemia. The following

short exposure periods were defined during the first 3 months after

the index date: (1) Days 1–15, 16–30, 31–60, and 61–90 after the

index date; and (2) Days 1–7, 8–14, 15–21, 22–28, 29–42, 43–56,

57–70, and 71–84 after the index date.

Subgroup analyses were performed as a tertiary analysis to assess

factors by season and calendar year of the first SGLT2i prescription as

described in Appendix S1.

Sensitivity analyses were performed to assess the robustness of

the findings as described in Appendix S1.

All analyses were performed via complete case approach using R,

version 4.4.0., including the SCCS package.

3 | RESULTS

We identified 1200 new users of SGLT2i with a type 2 diabetes melli-

tus diagnosis, as shown in Figure 1, and summarized their baseline

characteristics in Table 1. The enrolled patients experienced 1334

severe hypovolemia events. The median follow-up and treatment

periods were 3.66 and 2.53 years, respectively. The cohort was pre-

dominantly male (78.4%) with a median age of 54.1 years. The

enrolled patients commonly had dyslipidemia (65.8%) and hyperten-

sion (62.5%). Glucose-lowering medications other than SGLT2i

(81.8%), antihypertensive agents (59.1%) and antidyslipidemic agents

(51.6%) were commonly prescribed. The timing of the first SGLT2i

prescription was consistent across all seasons: spring (24.8%), summer

(24.2%), autumn (27.0%) and winter (24.0%). The number of prescrip-

tions initiated was higher in 2018–2020 (39.3%) and 2021–2023

(39.3%) than in 2014–2017 (21.3%).

3.1 | Primary analysis

The number of severe hypovolemia events, follow-up periods and

adjusted incidence rate ratios are presented in Table 2. A higher risk

of severe hypovolemia was observed during SGLT2i treatment, partic-

ularly in the first 30 days (Days 1 to 30: adjusted IRR 7.39, 95% CI

6.09–8.96; Days 31 to 90: adjusted IRR 1.99, 95% CI 1.56–2.54; Days

91 to 180: adjusted IRR 1.56, 95% CI 1.22–2.00; Days ≥181: adjusted

IRR 1.36, 95% CI 1.13–1.63) after the initiation of SGLT2i treatment

compared to the unexposed control period. Figures 2 and S2 indicate

a higher incidence of severe hypovolemia in the first 30 days, with a

peak around days 21 to 25, compared to other periods before or after

SGLT2i treatment initiation.

3.2 | Secondary analysis

In the secondary analysis with shorter exposure periods during the

first 3 months after the index date, the risk of severe hypovolemia

was the highest during Days 22 to 28 (adjusted IRR 15.24, 95% CI

11.92–19.48), followed by Days 15 to 21 (adjusted IRR 7.60, 95%

CI 5.53–10.45), after the initiation of SGLT2i treatment. A higher

risk of severe hypovolemia was observed throughout the SGLT2i
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exposure period compared to the unexposed control period, as

shown in Figure 3.

3.3 | Tertiary analysis

Tertiary analysis results are illustrated in Figures S3 and S4. The sub-

group analyses showed a higher risk of severe hypovolemia during

SGLT2i treatment across all seasons, particularly in the first 30 days

(spring: adjusted IRR 6.20, 95% CI 4.19–9.18; summer: adjusted IRR

6.64, 95% CI 4.57–9.64; autumn: adjusted IRR 11.90, 95% CI 8.11–

17.45; winter: adjusted IRR 5.87, 95% CI 3.87–8.91) of SGLT2i initia-

tion. Similar trends of higher risk of severe hypovolemia were

observed across all calendar year periods (in the first 30 days after

SGLT2i treatment initiation, 2014–2017: adjusted IRR 3.52, 95% CI

1.92–6.43; 2018–2020: adjusted IRR 8.03, 95% CI 5.77–11.17;

2021–2023: adjusted IRR 8.40, 95% CI 6.44–10.95).

3.4 | Sensitivity analysis

Our findings were consistent across all sensitivity analyses, as pre-

sented in Figures S5–S8, such as excluding second or subsequent

events, restricting severe hypovolemia events, excluding patients with

a single prescription or those who died within 90 days after severe

hypovolemia events, excluding patients with a history of severe hypo-

volemia, and including post-SGLT2i treatment period in control

period, and modifying the pre-exposure periods.

4 | DISCUSSION

4.1 | Study findings and scientific background

In this SCCS of patients with type 2 diabetes mellitus, we found that

SGLT2i treatment is associated with a higher risk of severe hypovole-

mia, particularly during the first 30 days of treatment initiation. Our

study identified the first 22 to 28 days after the initiation of SGLT2i

treatment to be the period with the highest risk for severe hypovole-

mia in patients with type 2 diabetes mellitus. Similar trends were

observed across all seasons (spring, summer, autumn and winter) and

calendar year periods (2014–2017, 2018–2020 and 2021–2023) dur-

ing SGLT2i treatment. The findings were robust across all sensitivity

analyses.

SGLT2i have a unique mechanism of action; they increase gluco-

suria, which is associated with osmotic diuresis and natriuresis,

F IGURE 1 Patient and study flow diagram. SGLT2i, sodium-glucose cotransporter-2 inhibitors.
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although the latter appears mostly transient.9 Some investigators have

reported significant increase in urine volume and sodium excretion

during SGLT2i treatment.7,8 Eickhoff et al. indicated that 10 mg

dapagliflozin, when combined with renin-angiotensin-aldosterone sys-

tem inhibitors, exerted osmotic and natriuretic effects in patients with

type 2 diabetes mellitus and albuminuria. However, compensatory

mechanisms were activated within 6–12 weeks to retain sodium and

water.30 Masuda et al. reported that dapagliflozin increased urine vol-

ume (18.7%), urinary Na excretion (43.0%) and urinary Cl excretion

(39.2%) on Day 2 compared to baseline, but the parameters returned

to baseline levels on Day 7.31 Bode et al. published a long-term safety

study on canagliflozin in patients with type 2 diabetes mellitus over

104 weeks.26 In this study, more adverse events of hypovolemia were

reported with 100 mg canagliflozin (5.4%, n = 241) and 300 mg cana-

gliflozin (5.9%, n = 236) than with placebo (1.7%, n = 237), and most

of these events were observed within the first 26 weeks of canagliflo-

zin treatment. Two meta-analyses demonstrated an increased risk of

hypovolemia upon SGLT2i treatment (Mukai et al.10 RR 1.12, 95% CI

0.48–2.61; Rong et al.11 RR 1.12, 95% CI 1.02–1.22), regardless of

whether the effect was substantial. Pooled data from SGLT2i RCTs

indicated increased rates of hypovolemia-related events (0.3 to 4.4%)

than in placebo groups (0 to 1.5%), as reported in the US package

inserts.6 Clinical practice guidelines have highlighted the risk of hypo-

volemia in patients treated with SGLT2i.2,5,6 These guidelines caution

against the potential adverse effects of SGLT2i treatment on hypovo-

lemia and emphasize that the volume status of patients should be

assessed and corrected as appropriate before treatment initiation.2,5,6

They also advise that physicians regularly monitor symptoms

(e.g., hypotension), changes in weight and volume status, and provide

appropriate interventions such as hydration and medications.2,5,6

Collectively, the findings supported the hypothesis that SGLT2i

may lead to hypovolemia, particularly shortly after initiating treatment

in patients with type 2 diabetes mellitus, owing to the pharmacologi-

cal effects of osmotic diuresis and natriuresis. However, detailed data

on the risks or event rates associated with SGLT2i treatment periods

have not yet been published. Clarifying the timing and duration of

increased risk following the initiation of SGLT2i treatment would be

clinically meaningful.

4.2 | Interpretation of our findings

To the best of our knowledge, this is the first study to investigate the

association between SGLT2i use and the risk of severe hypovolemia

during the treatment period. Our study provided clinically informative

insights into the higher risks associated with different periods of

SGLT2i exposure, suggesting that caution is required during the early

phase of treatment, especially within the first 30 days. Given that

SGLT2i is one of the most commonly used classes of medications for

type 2 diabetes mellitus, knowing the risk period for common adverse

reactions, such as hypovolemia, would be beneficial for optimizing

SGLT2i usage.

Our secondary analyses highlighted the period within the first

22 to 28 days after the index date as having the highest risk of severe

hypovolemia. The histogram of the observed severe hypovolemia

events, shown in Figure 2, indicated a peak around the first 21 to

25 days, supporting our findings from the SCCS analyses. Although

TABLE 1 Patient baseline characteristics.

Baseline characteristics

Study population

n = 1200

Sex, male, n (%) 941 (78.4)

Age, year, median (IQR) 54.1 (47.4–61.1)

Follow-up period, year, median (IQR) 3.66 (2.08–5.74)

Treatment period, year, median (IQR) 2.53 (1.01–4.76)

Numbers of hypovolemia events 1334

History of severe hypovolemia, n (%) 171 (14.3)

Comorbidities, n (%)

Diabetic nephropathy 79 (6.6)

Diabetic retinopathy 26 (2.2)

Diabetic neuropathy 16 (1.3)

Hypertension 750 (62.5)

Dyslipidemia 789 (65.8)

Obesity 40 (3.3)

Renal diseases 72 (6.0)

Depression 96 (8.0)

Nausea and vomiting 97 (8.1)

Comedications, n (%)

Glucose-lowering medications 981 (81.8)

Insulins 378 (31.5)

Sulfonylureas 207 (17.2)

Glucagon-like peptide-1 receptor

agonists

52 (4.3)

Dipeptidyl peptidase-4 inhibitors 685 (57.1)

Antihypertensive agents 709 (59.1)

Renin-angiotensin-aldosterone system

inhibitors

523 (43.6)

Antidyslipidemic agents 619 (51.6)

Diuretics 169 (14.1)

Non-steroidal anti-inflammatory drugs 350 (29.2)

Antiarrhythmic agents 29 (2.4)

Antidepressants 86 (7.2)

Season of the first prescription, n (%)

Spring (March to May) 298 (24.8)

Summer (Jun to August) 290 (24.2)

Autumn (September to November) 324 (27.0)

Winter (December to February) 288 (24.0)

Calendar year of the first prescription, n (%)

2014–2017 256 (21.3)

2018–2020 472 (39.3)

2021–2023 472 (39.3)

Note: History of severe hypovolemia, comorbidity or comedication at

baseline was defined as at least one diagnosis, regardless of inpatient or

outpatient, or prescription within 180 days before or on the index date.

Abbreviation: IQR, interquartile ranges.
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some clinical studies have reported different results, suggesting that

osmotic diuresis and natriuresis associated with SGLT2i treatment

were maintained or attenuated within 12 weeks,9 our study suggested

that many patients may still experience the pharmacological effects

for at least 30 days after the initiation of SGLT2i treatment, leading to

a higher risk of severe hypovolemia as a clinical outcome.

Our tertiary analyses of the seasonal subgroups suggested that

caution is necessary for severe hypovolemia across all seasons when

initiating SGLT2i treatment. Tanaka et al. investigated the seasonal

hydration status in an elderly population and found that subjects were

more dehydrated in spring, showing the highest levels of plasma osmo-

lality, than in summer, although the seasonal differences were consid-

ered clinically mild.32 Although our study did not provide a definitive

explanation, the highest risk of severe hypovolemia was observed in

patients initiating SGLT2i treatment during autumn. While there may

be a common perception that hypovolemia frequently occurs during

the hot and humid summer months, our findings emphasized the impor-

tance of monitoring severe hypovolemia across all seasons. Further-

more, our calendar-year subgroup analyses indicated that the risk of

severe hypovolemia persisted for more than a decade after the first

SGLT2i was launched and clinical guidelines on managing hypovolemia

were introduced.2,5,6 As noted by the World Health Organization and

other medical associations,33,34 global warming is accelerating and

exposing more people to extreme heat worldwide. This environmental

factor further underscores the need for heightened vigilance and proac-

tive measures to manage severe hypovolemia during SGLT2i treatment.

4.3 | Strengths

We employed the SCCS design to leverage its strength for analysing

relative risks across different exposure periods,16 because we aimed

to investigate the temporal risk patterns of severe hypovolemia

induced by SGLT2i treatment compared with non-SGLT2i exposure.

Our study provided clinically informative insights into the higher risks

of severe hypovolemia by SGLT2i, particularly highlighting the critical

periods when caution should be exercised during treatment. Besides,

the SCCS design implicitly adjusted for both measured and unmea-

sured time-invariant confounders, thereby reducing the likelihood of

bias.16,17,19 It was deemed appropriate for investigating the causality

between SGLT2i exposure and severe hypovolemia events based on

the following assumptions: (1) severe hypovolemia events were rare

and occurred independently and consistently during the follow-up

period; (2) severe hypovolemia events did not change the probability

of subsequent outcomes and exposures; and (3) fetal events of severe

hypovolemia were very limited. In our study, severe hypovolemia

events were rare; 1234 patients (0.7%) experienced the events out of

186 324 patients with type 2 diabetes mellitus before applying the

exclusion criteria (Figure 1). Severe hypovolemia was consistently

observed during the unexposed period (Figure S2). Our study included

patients with two or more severe hypovolemia events; however, the

TABLE 2 Primary analysis: Association between sodium-glucose cotransporter-2 inhibitors exposure and an incident of severe hypovolemia.

Evaluation period Number of patients Number of patients with events Number of events Patient-years Adjusted IRRa (95% CI)

Control period 1200 208 227 959 1.00 [Reference]

Pre-exposure period

Days 30 to 16 1200 15 15 49 1.12 (0.66–1.89)

Days 15 to 1 1200 17 17 49 1.27 (0.78–2.08)

Exposure period

Days 1 to 30 1200 214 219 99 7.39 (6.09–8.96)

Days 31 to 90 1157 90 99 207 1.99 (1.56–2.54)

Days 91 to 180 1091 94 99 292 1.56 (1.22–2.00)

Days ≥181 1024 594 658 3483 1.36 (1.13–1.63)

Note: Follow-up period includes SGLT2i treatment period with the grace period (exposure period) and non-SGLT2i treatment period (control period and

pre-exposure period), as illustrated in Supplementary Figure S1.

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; SGLT2i, sodium-glucose cotransporter-2 inhibitors.
aThe model was adjusted by time-varying covariates, including age, renal dysfunction defined by estimated glomerular filtration rate <60 mL/min/1.73 m2

and prescription of diuretics.

F IGURE 2 Number of severe hypovolemia events by day from
the index date, ranging from Days 1 to 30. SGLT2i, sodium-glucose
cotransporter-2 inhibitors.
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results of the sensitivity analysis, excluding a second or subsequent

event, were consistent with those of the primary analysis. Severe

hypovolemia was neither fatal nor considered to affect subsequent

exposure, because only 1.0% of the enrolled patients (12 cases) died

within 90 days of experiencing it. Sensitivity analysis results, excluding

patients who died within 90 days after severe hypovolemia events,

were consistent with those of the primary analysis.

4.4 | Limitations

Our study had several limitations. First, it was a retrospective data-

base study, and potential misclassification of diseases or medication

codes should be considered. Second, no validation study was con-

ducted to assess the incidence of hypovolemia using observational

studies. Defining hypovolemia using ICD-10 codes may result in

F IGURE 3 Secondary analysis by shorter exposure period during the first 3 months after the index date. IRR, incidence risk ratio.
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misclassification; however, we defined a more restricted case of

severe hypovolemia than previous observational studies.22,23 We also

repeated the sensitivity analysis with a further restricted definition of

severe hypovolemia, incorporating the volume of specific hypovole-

mia treatments. This sensitivity analysis result was consistent with

that of the primary analysis. Third, the claims database cannot provide

information on drug adherence,14 which might lead to misclassifica-

tion of the exposure length and affect the results. Fourth, the JMDC

Claims Database14 contains accumulated receipts and annual medical

check-up data for insured individuals covered by health insurance

societies, primarily employees of large companies or their family mem-

bers. Hence, the data primarily reflected individuals aged <75 years,

highlighting the need for caution regarding a potential selection bias.

Fifth, although we adjusted for key time-varying covariates, including

age, renal dysfunction defined by eGFR <60 mL/min/1.73 m2 and

prescription of diuretics, there may still be residual confounding fac-

tors despite the robustness of our findings in the sensitivity analyses.

These confounders could include factors such as changes in economic

status, job status and detailed lifestyle (e.g., exercise and dietary

habits) during the follow-up period, which were not included in the

database.

In conclusion, the use of SGLT2i in patients with type 2 diabetes

mellitus was associated with a high risk of severe hypovolemia, partic-

ularly in the first 30 days after treatment initiation. Our study identi-

fied the period between the first 22 and 28 days after the initiation of

SGLT2i treatment as having the highest risk of severe hypovolemia in

patients with type 2 diabetes mellitus.
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