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Abstract

Background and aims: Henagliflozin (SHR3824) is a novel sodium—glucose cotransporter-2 (SGLT2) inhibitor
approved in China for type 2 diabetes mellitus (T2DM). Its efficacy and safety relative to placebo have not been

quantitatively synthesized. We addressed this gap with a systematic review and meta-analysis.

Methods: We searched PubMed, Embase, Web of Science, Scopus, ClinicalTrials.gov, the Cochrane Library,
and the Chinese Clinical Trial Registry through June 2026 for randomized controlled trials comparing
henagliflozin with placebo in adults with T2DM. Two reviewers independently screened studies, extracted data,
and assessed risk of bias using the Cochrane RoB 2 tool. The primary outcome was change in glycated
hemoglobin (HbA1c). Random-effects meta-analysis was performed in Review Manager 5.4, and certainty of

evidence was rated with GRADE.

Results: Three RCTs (n = 1,077; all conducted in Chinese adults) met the inclusion criteria. Henagliflozin
reduced HbAlc by 0.8% versus placebo (95% CI: —0.93 to —0.63; I* = 65%; moderate-certainty evidence).
Fasting plasma glucose, postprandial plasma glucose, body weight, and systolic and diastolic blood pressure
were also significantly improved. Overall adverse events did not differ between groups (RR 1.06, 95% CI: 0.96

to 1.17; low-certainty evidence).

Conclusions: In Chinese adults with T2DM, henagliflozin produced glycemic, weight, and blood-pressure
benefits consistent with the SGLT?2 inhibitor class effect, with a short-term safety profile comparable to placebo.

Larger and longer trials in diverse populations are needed to confirm cardio-renal benefits and long-term safety.

Keywords: Adverse events; Glycemic control; Glycated Hemoglobin; Henagliflozin; Diabetes Mellitus, Type

2; Sodium-glucose co-transporter-2 inhibitors.
1  Introduction

Type 2 diabetes mellitus (T2DM) is a major global health burden driven by peripheral insulin resistance and
progressive pancreatic beta-cell dysfunction [1-3]. Beyond hyperglycemia, T2DM drives microvascular and
macrovascular complications and reduces life expectancy [4-6]. Despite expanding pharmacotherapy, durable
glycemic control remains difficult to achieve [7], and contemporary management has moved toward agents with

pleiotropic metabolic, cardiovascular, and renal benefits [8].

The kidney, long underappreciated in diabetes care, is now recognized as a key effector organ in glucose
homeostasis. Beyond fluid and electrolyte balance, renal gluconeogenesis contributes meaningfully to
endogenous glucose production, and the proximal tubule reabsorbs nearly all filtered glucose [9]. In insulin-
resistant states both processes become maladaptive: renal gluconeogenesis rises and sodium—glucose
cotransporter-2 (SGLT?2) is upregulated, driving excessive glucose reabsorption and hyperglycemia [10,11].

This understanding provided the mechanistic rationale for SGLT?2 inhibitors as a therapeutic class [12].

Henagliflozin (SHR3824) is a novel, highly selective SGLT2 inhibitor [13]. By inhibiting SGLT2 in the S1
segment of the proximal tubule, henagliflozin lowers the renal threshold for glucose excretion and induces
insulin-independent glucosuria. These pharmacodynamic effects translate into reductions in glycated
hemoglobin (HbA1c) and improvements in body weight, blood pressure, and other cardiometabolic parameters

in early-phase trials [14,15].



Despite this mechanistic rationale and growing clinical use in China, the available randomized evidence for
henagliflozin has not been quantitatively synthesized or rated for certainty using GRADE. A formal evidence

synthesis is needed to inform clinicians and regulators outside China [16,17,18].

We therefore conducted a systematic review and meta-analysis of randomized controlled trials comparing
henagliflozin with placebo in adults with T2DM, evaluating efficacy on HbA1c and cardiometabolic outcomes,

safety on adverse events, and certainty of evidence using GRADE.
2 Methods
2.1  Protocol and Reporting Standards

We conducted this systematic review and meta-analysis in accordance with the PRISMA 2020 statement and the
Cochrane Handbook for Systematic Reviews of Interventions [19,20], following a protocol prospectively

registered in PROSPERO (CRD420251173385).

The protocol was amended after registration to add GRADE-based assessment of evidence certainty; the

amendment was logged before any analysis was performed.
2.2 Search Strategy

We searched PubMed, Embase, Web of Science, Scopus, ClinicalTrials.gov, Chinese Clinical Trial Registry
(ChiCTR; https://www.chictr.org.cn) and the Cochrane Library for relevant trials from inception to June 2026.
Search terms included combinations of “henagliflozin,” “SHR3824,” “type 2 diabetes.” The strategy for
PubMed database was ((henagliflozin) or (SHR3824) or (SHR-3824)) and ((diabetes mellitus) or (type 2
diabetes) or (T2DM)).

2.3 Eligibility Criteria (PICOS)

We included RCTs satisfying the following inclusion criteria in our systematic review:
Population: studies on adults (>18 years) with T2DM.

Intervention: studies where the intervention group received Henagliflozin (5 mg or 10 mg).
Comparator: studies where the control was a placebo or the standard of care.

Outcomes: studies reporting any of the following outcomes were included:

Primary: Change in HbAlc.

Secondary: FPG, PPG, body weight, systolic and diastolic blood pressure, adverse events.
Study Design: Studies described as RCTs.

2.4  Screening and Study Selection Process

We used Rayyan for semi-automated screening of literature search results [21]. Studies were screened in two
phases. The first phase is title/abstract screening for potential clinical studies. In the second phase, we retrieved
the full text of selected studies for further eligibility criteria screening. We resolved disagreements through

discussion.
2.5 Data Extraction
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Two reviewers extracted and reviewed data independently on study characteristics, participant demographics,

intervention details, and outcomes. Discrepancies were resolved through discussion.
2.6  Risk of Bias Assessment

Two reviewers independently assessed risk of bias using the Cochrane RoB 2 tool, evaluating the randomization
process, deviations from intended interventions, missing outcome data, outcome measurement, and selective

reporting; disagreements were resolved by discussion [22].
2.7  Statistical Analysis

Random-effects meta-analysis using the DerSimonian—Laird estimator was performed in Review Manager 5.4
[23]. Continuous outcomes were summarized as mean differences (MD) and dichotomous outcomes as risk
ratios (RR), each with 95% confidence intervals. Heterogeneity was quantified with the I? statistic and
interpreted per the Cochrane Handbook (0—40% low; 30-60% moderate; 50-90% substantial; 75-100%
considerable). A pre-specified subgroup analysis compared the 5-mg and 10-mg henagliflozin doses. For trials
reporting medians and interquartile ranges, we estimated means and standard deviations using the methods of

Wan et al. (BMC Med Res Methodol 2014).
2.8  Certainty of Evidence (GRADE)

Certainty of evidence for each outcome was assessed using the GRADE approach [24], considering risk of bias,
inconsistency, indirectness, imprecision, and publication bias. RCT evidence started at high certainty and was

downgraded according to these domains.
3 Results
3.1 Literature Search and Study Characteristics

Database searches identified 225 records, of which 83 were duplicates. After title and abstract screening of 142
records, 40 full-text articles were assessed for eligibility and 37 were excluded with reasons (Supplementary
Table 1). Three placebo-controlled RCTs (n = 1,077) satisfied the inclusion criteria and were included in the
qualitative and quantitative synthesis (Fig. 1). Trial duration ranged from 12 to 24 weeks. Baseline

characteristics were balanced between the henagliflozin and placebo groups (Tables 1 and 2).
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Table 1.

Summary of included studies

Study Id Location Population Intervention Control Outcomes Study Design
7h Middle-aged to older adults with T2DM with I liflozin 10 Change in aging and metabolic biomarkers (eg., | Randomized, double-blind,
20;12g China evidence of metabolic/aging biomarker cenaghitiozin Placebo Telomere length, IL-6, TNF-alpha, mitochondrial | placebo-controlled
elevation (e.g., elevated IL-6 > 2pg/mL). me: function markers), Change in HbAlc. mechanistic-trial.
Wen ien:igﬂlooz igl az Change in HbAlc (%) from baseline to Week 24 | Phase 3 trial RCT included a
200 lg China Adults with T2DM inadequately controlled. e 2 Placebo Change in FPG, PPG, Body Weight, SBP/DBP- % | 24-week period, followed by a
add-on therapy to .o o ) .
. achieving HbAlc <7%- and safety outcomes. 28-week extension period.
metformin.
Adults with T2DM who were drug-naive or Henaeliflozin Sm Change in HbAlc (%) from baseline to Week 24 | Phase 3 RCT included a 24-
Lu 2021 China had discontinued oral antidiabetic drugs for 4 1% “ 2 | Placebo Change in FPG, PPG, Body Weight, SBP and DBP. | week period, followed by a
>8 weeks before screening. an me. Proportion achieving HbA1c¢<7%- Safety outcomes. 28-week extension period
Abbreviations: DBP: diastolic blood pressure; FPG: fasting plasma glucose; HbAlc: glycated hemoglobin; IL-6:
interleukin-6; PPG: postprandial plasma glucose; RCT: randomized controlled trial; SBP: systolic blood
pressure; T2D: type 2 diabetes; TNF-$\alpha$: tumor necrosis factor-alpha.
Table 2. Baseline characteristics of included randomized controlled trials.
Group N JAge mean * SD (Gender(male) |[Body weightiBMI Hbalc% FBG SBP DBP eGFR
Study Id (kg) (kg/m2) mmol/l [mmHg mmHg |ml/min
Zhang 99 23 n
2025 69 51.78 £9.37 46 (66.7%) 72.41+11.95(27.38+4.128.01 £ 0.75 [8.95+ 1.76| - ’ n
i 14.39
Henagliflozin10 mg
81.60
51.67 =+ 8.60 73.06 + 11.0928.15 + 4.31(8.09 = 0.72(9.10 + 1.74{131.12  #10.37 102.19 4
Placebo 73 51 (69.9) M 14.80 13.36
Weng o 126.8 4 125.4 +
2021 Henagliflozin 5 mg 162 54.3 £9.5 103 (63.6%) 69.8+11.7 [25.5+29 [85+0.8 10.0 + 2.0 13.7 78.3 £9.6 31.3
127.3 4 128.9 3
0,
Henagliflozin 10 mg160 54.7 +10.7 101 (63.1%) 70.2+12.0 [25.6+3.2 [8.4+09 10.0 £ 2.0 121 79.2 £8.7 326
127.4 4 128.0 +
0,
Placebo 161 55.3+9.5 93 (57.8%) 689+11.2 [254+3.1 ([85+09 9.8+2.0 13.6 79.1£9.3 341
Lu 2021 |[Henagliflozin 5 mg [150 53.3+9.6 88 (58.7%) 70.1+12.5 [254+3.1 ([8.59+0.89 [9.90 +2.05|123.6 78.2 120 + 32
Henagliflozin 10 mg|151 52.2+9.4 115 (76.2) 704 +11.8 [25.5+3.1 [8.59+091 [9.88+2.17|122.8 78.3 122 + 31
Placebo 151 52.4 +10.2 100 (66.2%) 71.6 £10.6 [26.0+2.9 [8.63+0.89 [9.83 +2.01|123.7 78.2 124 + 30

Abbreviations: BMI: body mass index; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration

rate; FBG: fasting blood glucose; SD: standard deviation; SBP: systolic blood pressure.

3.2

Risk of Bias Assessment

Two reviewers independently performed RoB 2 assessment. Risk of bias was low to moderate across most

domains, with all trials reported as double-blind. The Zhang 2025 trial was rated high risk in two domains

(Incomplete outcome data and selective reporting), while the other two trials were judged low risk overall.

Domain-level judgments are presented as a traffic-light plot in Supplementary Figure 1.
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Primary Efficacy Outcome (change in HbAlc)

Henagliflozin reduced HbAlc by 0.8% (—8.4 mmol/mol) compared with placebo (95% CI: —0.93 to —0.63; p <
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0.001).

Heterogeneity was substantial (I = 65%, p = 0.02; Fig. 2).

GRADE certainty: moderate.

Test for subgroup differences (5 mg vs 10 mg) was not significant (p = 0.52), suggesting no additional glycemic

benefit from the higher dose.

henagliflozin Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Henagliflozin 5mg

Luaz2021 -1.25 085 150 -0.3¢ 0856 151 20.8% -0.91[1.10,-0.72 —

WYWeng a 2021 -1 07734 152 -0.24 07661 159 227% -0.76[-093,-0.59 =

Subtotal (95% CI) 312 310 43.5% 0.83 [-0.97, -0.68] ‘

Heterogeneity: Tau*= 0.00; Chi*=1.31, df=1 (P = 0.25); F = 24%

Testfor overall effect: Z=11.09 (P < 0.00001)

1.1.2 Henagliflozin 10mg

Lu b 2021 -1.27 0.8409 130 -0.33 0.8409 151 21.1% -0.94[-1.13,-0.79 N TR

Weng b 2021 -1.04 07686 160 -0.24 07661 159 227% -0.80[097, -0.63 =

Ihang 2025 -1.37 0853 53 -1.04 0898 81 12.8% -0.33[-0.66,-0.00] T

Subtotal (95% Cl) 373 371 56.5% -0.72[-1.00, .0.44] e

Heterogeneity: Tau*= 0.05; Chi*= 10.06, df= 2 (P =0.007); F= 80%

Testfor overall effect: Z=5.02 (P = 0.00001)

Total {(95% CI) 685 681 100.0% -0.78[-0.93,-0.63] B

Heterogeneity. Taw’= 002, Chi*=11.51, df= 4 (P =0.02), P=65% _51 -Uaﬁ ) 0?5 15

Testfor overall effect Z=1017 (P < 0.00001)

= 3 s henagliflozin control
Testfor subaroup differences: Chi*=0.42,df=1 (P=0.52), F=0%

Fig. 2 Forest plot of mean change in HbA 1c¢ comparing henagliflozin versus placebo.
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Primary Safety Outcomes (Adverse events)

Overall adverse events did not differ between henagliflozin and placebo (RR 1.06, 95% CI: 0.96 to 1.17; p =
0.22).

Heterogeneity was moderate (I = 58%, p = 0.05; Fig. 3).

GRADE certainty: low.

Henagliflozin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 New Subgroup
Lu 2021 a 120 152 124 153 250% 0.97 [0.87,1.09] — .
Weng 2021 a 132 165 115 163 23.3% 1.13[1.00,1.29] &
Subtotal (95% CI) n7 316 48.5% 1.05[0.90, 1.22] gl
Total events 252 2349
Heterageneity: Tau®=0.01; Chi*= 314, df=1 (P = 0.08), F= 68%
Testfor overall effect: 2= 062 (F =0.53)
1.1.2 New Subgroup
Lu 2021 b 120 152 124 153 25.2% 0.97 [0.87,1.09] —
Weng 2021 b 137 162 115 163 24.2% 1.20[1.08, 1.39] —
Zhang 2025 14 ] 14 T3 2.0% 1.06 [0.54, 2.09]
Subtotal (95% CI) 383 389 51.5% 1.08 [0.90, 1.29] =i
Total events 271 253
Heterageneity: Tau=0.01; Chi*=618, df=2 (F=0.09), F= 68%
Testfor overall effect Z=083(F =041
Total (95% CI) 700 705 100.0% 1.06 [0.986, 1.17] L
Total events 5823 45932
Heterageneity: Tau?= 0.01; Chi*= 9.56, df= 4 (P = 0.05); F= 58% D:S D:? 155

Taestfor overall effect: Z=1.23(F=0.23)

Favours Henagliflozin - Favours Placebo

Testfor subaraup differences: Chi®= 0.06, df=1(F= 0281, F=0%

Fig. 3 Forest plot of Adverse Events comparing henagliflozin with placebo.



3.5 Secondary Outcomes

Henagliflozin significantly improved all secondary efficacy outcomes versus placebo: fasting plasma glucose
(MD = -1.84 mmol/L, 95% CI: -2.09 to -1.58 for Smg subgroup and -1.64 mmol/L, 95% CI: -2.45 to -0.84 for
10mg subgroup), postprandial plasma glucose (MD = -2.91 mmol/L, 95% CI: -3.32 to -2.50 for 5mg subgroup
and -2.71 mmol/L, 95% CI: -3.12 to -2.30 for 10mg subgroup), body weight (MD = -1.28 kg, 95% CI: -1.61 to -
0.95 for 5mg subgroup and -1.37 kg, 95% CI: -1.69 to -1.05 for 10mg subgroup), systolic blood pressure (MD =
-4.83 mmHg, 95% CI: -6.39 to -3.27 for Smg subgroup and -5.40 mmHg, 95% CI: -6.91 to -3.89 for 10mg
subgroup), and diastolic blood pressure (MD = -2.45 mmHg, 95% CI: -3.59 to -1.31 for Smg subgroup and -2.37
mmHg, 95% CI: -3.42 to -1.31 for 10mg subgroup); heterogeneity was low to moderate (Supplementary Figures
2-6).

Serious adverse events, treatment discontinuation, genital infections, urinary tract infections, and hypoglycemia

did not differ significantly between groups (Supplementary Figures 7—14).

No outcome showed a significant difference between the 5-mg and 10-mg henagliflozin subgroups.

(Supplementary Tables 2 and 3)
3.6 GRADE assessment of the certainty in evidence

GRADE-rated certainty was moderate for HbA 1c, ranged from moderate to low for other efficacy outcomes,

and ranged from very low to low for safety outcomes (Table 3).
3.7  Publication Bias

Assessment of publication bias using funnel plots or statistical tests was not performed due to the small number

of included studies (<10), in accordance with Cochrane recommendations.



Table 3. GRADE Summary of Findings: Henagliflozin vs Placebo in Adults with Type 2 Diabetes Mellitus

No. of - . o Certainty
Outcome studies gla)rtmp ants légect estimate (95% of evidence Explanation
(RCTs) (GRADE)
MD -0.8%, -84 .
’ ? Moderate Downgraded one level Inconsistency (I-
o, —|
HbAlc (%) 3 1,077 in(;né();;mol (=093 to EYYYe square=65%)
Fasting plasma glucose 3 1.077 MD -1.71 (-2.10 to Low Downgraded inconsistency (I-square=65%)
(mmol/L) ’ -1.32) 1210]e) and imprecision
Postprandial plasma 2 924 MD -2.81 (-3.15 to Moderate Downgraded for imprecision due to the
glucose (mmol/L) —2.47) 1212 ]@) limited number of reporting studies
Body weight (kg) 3 1,077 ﬁ/I]DO 5;1 33 (16l to g(gggaote Downgraded for short study duration.
Diastolic blood pressure 3 1.077 MD -2.41 (-3.18 to Moderate Downgraded for indirectness (short-term
(mmHg) ’ -1.63) 121]0) outcomes only)
Low Downgraded for imprecision and short
Overall adverse events 3 1,077 RR 1.06 (0.96-1.17) ®e00 follow-up
Low . .
Hypoglycemia 2 924 RR 2.42 (0.80-7.28 Wide confidence intervals; low event rate
ypogly ( ) @®00
Genital infections 2 924 RR 4.72 (0.54-41.28) Very  low Very low event rate; extreme imprecision
e : ©000 i ’ P
. . s Very low
Diabetic ketoacidosis 3 1,077 RR 1.46 (0.23-9.22 Rare events
¢ ' @000

GRADE Interpretation Key

e High (DD D): Very confident that the true effect lies close to the estimate
e Moderate (BBDBQO): True effect likely close to estimate but may differ

e Low (BBOQ): True effect may be substantially different

e Very low (BOOQ): Very little confidence in the effect estimate

4 Discussion

This systematic review and meta-analysis shows that henagliflozin improves glycemic control and selected
cardiometabolic parameters in Chinese adults with T2DM. The HbAlc reduction we observed (—0.8%) is
consistent with class-wide effects reported for empagliflozin (approximately —0.6 to —0.7%), dapagliflozin
(approximately —0.5 to —0.7%), and canagliflozin (approximately —0.7 to —0.9%), supporting a class-consistent
glucose-lowering effect [25-28].

The substantial heterogeneity in HbAlc (I = 65%) likely reflects clinical and methodological differences among
the included trials. HbAlc is influenced by baseline glycemic control, duration of diabetes, background therapies,
and follow-up length, all of which varied. Because HbAlc reflects average glycemic exposure over several

months, short trials may underestimate the steady-state effect.

Study design heterogeneity also contributed. The Zhang et al. trial was a mechanistic study focused on aging
biomarkers, recruiting participants with elevated aging biomarkers rather than conventional glycemic endpoints;

this design may partly explain its outlying treatment effect.



Safety outcomes were comparable between henagliflozin and placebo. However, short follow-up and low event
rates left the analyses underpowered to detect rare but clinically important signals — diabetic ketoacidosis, lower-
limb amputation, Fournier's gangrene, and volume depletion — and GRADE certainty ranged from moderate to

very low across safety outcomes.

Larger and longer randomized trials in broader and more representative populations are needed to establish the

long-term safety and effectiveness of henagliflozin.

None of the included trials were designed or powered to assess cardiovascular or renal outcomes — the principal
long-term value proposition of the SGLT2-inhibitor class. Class-effect inferences from EMPA-REG OUTCOME,
DECLARE-TIMI 58, CANVAS, DAPA-HF, EMPEROR-Reduced, CREDENCE, and DAPA-CKD provide a
biologically plausible but unproven basis for cardio-renal benefit with henagliflozin. A dedicated cardiovascular

outcome trial is the key missing evidence.

All included trials enrolled Chinese adults, limiting external validity. East Asian patients with T2DM differ
phenotypically from Western patients in body habitus (lower BMI), beta-cell reserve (earlier failure), and dietary
carbohydrate exposure, all of which may modify SGLT2 inhibitor efficacy and the urinary/genital infection signal.

Confirmatory trials in non-Chinese populations are needed before clinical recommendations can be generalized.
5  Strengths and Limitations

This systematic review and meta-analysis had several important strengths. First, the study protocol was
prospectively registered in PROSPERO, which enhances methodological transparency and reduces the risk of
selective reporting. Second, the review was conducted in accordance with PRISMA 2020 guidelines and the
Cochrane Handbook for Systematic Reviews of Interventions, ensuring adherence to internationally recognized
methodological standards. Third, only the randomized controlled trials were included, which strengthens the
internal validity of the findings and reduces confounding compared with observational evidence. Additionally,
the certainty of evidence was formally assessed using the GRADE framework, providing a structured evaluation

of the reliability and clinical applicability of the findings.

Several limitations should be acknowledged. First, only three randomized trials were available, restricting

statistical power and generalizability.

Second, follow-up was short (12—24 weeks), limiting inference about long-term efficacy and safety. Third,
moderate to substantial heterogeneity was observed for several outcomes, reflecting differences in trial design,
populations, and background therapy. Fourth, the analyses were underpowered to detect rare but clinically
important adverse events such as diabetic ketoacidosis, lower-limb amputation, Fournier's gangrene, and
genitourinary infection. Fifth, all trials enrolled Chinese adults, limiting external validity to other ethnic and
geographic populations. Finally, no dedicated cardiovascular or renal outcome trial of henagliflozin has been
completed; class-effect extrapolation from other SGLT2 inhibitors should be considered hypothesis-generating

only.
6  Clinical Implications

Henagliflozin offers an additional option for glycemic control in adults with T2DM and may produce modest

weight and blood-pressure benefits. Until cardio-renal outcome data are available, the choice of henagliflozin
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over established SGLT2 inhibitors with proven cardio-renal efficacy (empagliflozin, dapagliflozin,

canagliflozin) cannot be recommended on the basis of long-term outcomes.
7  Conclusion

In Chinese adults with T2DM, henagliflozin significantly improves glycemic control and selected
cardiometabolic parameters compared with placebo, with a short-term safety profile comparable to placebo.
Heterogeneity, short follow-up, and a single-population evidence base reduce the certainty of these findings.
Larger and longer trials in diverse populations — and a dedicated cardiovascular outcome trial — are needed to

establish the long-term and cross-population value of henagliflozin.
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