
Predictors and Outcomes of Erythrocytosis 
After Sodium-Glucose Cotransporter-2 
Inhibitors in Type 2 Diabetes Mellitus

Abstract
Background: Current evidence suggests that treatment with sodium-glucose cotransporter-2 inhibitors (SGLT2i)  
may increase hemoglobin levels. An increase in hemoglobin may be beneficial in improving cardiovascular and  
renal outcomes. This study examined changes in hemoglobin, the prevalence, and predictors of erythrocytosis in 
patients with type 2 diabetes mellitus (T2DM) who received SGLT2i. The associations between erythrocytosis with 
cardiovascular events and renal outcomes were also investigated. 
Methods: This retrospective study was conducted in patients with T2DM who received SGLT2i for at least 3  
consecutive months between January 2020 and December 2022. Hemoglobin and hematocrit were collected at 
baseline and after 3-12 months of SGLT2i treatment until the end of the study. Erythrocytosis was defined as an 
increase in hemoglobin level ≥2 gm/dL from baseline during the study period.
Results: Three hundred thirty-six patients were included in the study. The prevalence of erythrocytosis was 125 patients 
(37.2 %). The hemoglobin levels increased over time with median differences from baseline of 0.7, 1, 1.3, and 1.5 
gm/dL at 3, 6, 12, and >24 months, respectively. The predictors of erythrocytosis were age >60 years, chronic kidney 
disease, using thiazide and beta-blockers, lower hemoglobin, and estimated glomerular filtration rate at baseline. 
Cardiovascular and renal outcomes were not different between the erythrocytosis and non-erythrocytosis groups. 
Conclusion: A gradual increase in hemoglobin levels was observed in patients with T2DM after SGLT2i treatment. 
Erythrocytosis was common but was not associated with adverse cardiovascular events or renal outcomes.
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ปัจจัยท�ำนายและผลลัพธ์ของภาวะความเข้มข้นเลือดเพิ่ม
สงูขึน้หลงัได้รบัยา Sodium-Glucose Cotransporter-2 
Inhibitors ในผู้ป่วยโรคเบาหวานชนิดที่ 2

บทคัดย่อ
บทน�ำ: จากการศึกษาพบว่ายากลุ่ม Sodium-Glucose Cotransporter-2 Inhibitors (SGLT2i) อาจท�ำให้ความเข้มข้นของเลือดสูงขึ้นได้  
ความเข้มข้นเลือดที่สูงขึ้นนี้อาจส่งผลดีต่อผู้ป่วยทั้งทางระบบหัวใจและหลอดเลือดและระบบไต การศึกษานี้มีวัตถุประสงค์เพื่อศึกษา 
การเปลี่ยนแปลงของความเข้มข้นเลือด ความชุกและปัจจัยท�ำนายการเกิดภาวะความเข้มขันเลือดเพิ่มสูงขึ้น (erythrocytosis) และ 
เปรียบเทียบการเกิดผลลัพธ์ต่อระบบหัวใจและหลอดเลือดและไต ระหว่างกลุ่มผู้ป่วยที่มีภาวะความเข้มขันเลือดเพิ่มสูงขึ้นกับกลุ่มที่ไม่พบ
ภาวะดังกล่าว ในผู้ป่วยโรคเบาหวานชนิดที่ 2 หลังจากได้รับยา SGLT2i
ระเบียบวิธีวิจัย: การศึกษาแบบย้อนหลังระหว่างเดือนมกราคม 2563 – ธันวาคม 2565 ในผู้ป่วยโรคเบาหวานชนิดที่ 2 ที่ได้รับยา 
ในกลุ่ม SGLT2i ติดต่อกันนานมากกว่า 3 เดือน โดยมีการเก็บข้อมูลระดับฮีโมโกลบิน และ/หรือ ฮีมาโตคริต ก่อนให้การรักษา และ  
3-12 เดือนหลังจากได้รับยาไปจนกระทั่งสิ้นสุดการศึกษา ผู้ป่วยที่มีการเพิ่มขึ้นของฮีโมโกลบิน ≥2 มิลลิกรัม/เดซิลิตร จากก่อนการรักษา
ถือว่ามีภาวะความเข้มขันเลือดเพิ่มสูงขึ้น
ผลการศึกษา: มีผู้ที่ผ่านเกณฑ์การคัดเข้าและออกจ�ำนวนทั้งหมด 336 คน หลังได้รับยา SGLT2i พบว่าความเข้มข้นเลือดมีการเพิ่มขึ้น 
ตามระยะเวลาที่ผ่านไป โดยมีค่ามัธยฐานของการเพิ่มขึ้นของฮีโมโกลบินอยู่ที่ 0.7, 1, 1.3, 1.5 กรัม/เดซิลิตร ที่ระยะเวลา 3, 6, 12,  
>24 เดือนตามล�ำดับ มีผู้ป่วยที่เข้าข่ายภาวะความเข้มข้นเลือดเพิ่มสูงขึ้นร้อยละ 37.2 ปัจจัยที่ท�ำนายภาวะความเข้มข้นเลือดเพิ่มสูงขึ้น  
ได้แก่ อายมุากกว่า 60 ปี, เป็นโรคไตเรือ้รงั, ได้รบัยาขบัปัสสาวะกลุม่ thiazide และ ยา beta-blockers, มีค่าฮโีมโกลบนิและอตัราการกรอง
ของไตตัง้ต้นต�ำ่ ในขณะทีไ่ม่พบความสมัพนัธ์ระหว่างภาวะความเข้มข้นเลือดเพิม่สงูขึน้กับผลลัพธ์ต่อระบบหวัใจและหลอดเลือดและระบบไต
สรุป: ฮีโมโกลบินมีระดับเพิ่มขึ้นเรื่อย ๆ ในผู้ป่วยเบาหวานชนิดที่ 2 หลังได้รับการรักษาด้วย SGLT2i โดยพบความชุกของภาวะความเข้ม
ขนัเลอืดเพ่ิมสงูข้ึนทีค่่อนข้างสงู ในขณะทีไ่ม่พบความสมัพันธ์ระหว่างภาวะดงักล่าวกบัผลลพัธ์ของระบบหวัใจและหลอดเลอืดและระบบไต

ค�ำส�ำคัญ: เลือดข้น; ยาเบาหวาน; หัวใจขาดเลือด; หลอดเลือดแดงอุดตัน; หลอดเลือดหัวใจอุดตัน; ไตวาย; ไตเรื้อรัง

Introduction
	 Type 2 diabetes mellitus (T2DM) is highly prevalent 
and associated with microvascular and macrovascular 
complications, leading to an increased risk of death.1-3 

Sodium-Glucose Cotransporter-2 inhibitors (SGLT2i) were 
introduced in 2013-2014.6 In 2015, the landmark clinical 
trial (EMPA-REG) that investigated cardiovascular and renal 

outcomes which involved more than 7,000 participants 
found that empagliflozin significantly reduced the  
risk of the primary composite endpoint including  
cardiovascular death, nonfatal heart attack, or nonfatal 
stroke.7 The subsequent study of empagliflozin in patients 
with chronic kidney disease (CKD) revealed a significant  
reduction in the composite renal outcome of the  
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progression of kidney disease, death from renal causes, 
or death from cardiovascular causes.8 Similarly, the study  
of dapagliflozin in patients with CKD (DAPA-CKD) that  
evaluated over 4,000 patients with an estimated  
glomerular filtration rate (eGFR) between 25-75 ml/
minute/1.73 m2 and the urinary albumin-to-creatinine 
ratio of 200 - 5,000 mg/gm also found a reduction in the 
composite renal outcome.9 Therefore, Kidney Disease: 
Improving Global Outcomes 2022 and American Diabetes 
Association 2022 guidelines recommend SGLT2i as the 
first-line treatment in T2DM with CKD.10,11

	 In the EMPA-REG study, an increase in hemoglobin of 
0.8 g/dL and hematocrit of 4.8 % in the empagliflozin 
group compared with -0.1 g/dL and 0.9% in the placebo  
group was observed. The beneficial effect on  
cardiovascular outcome was also suggested.7 The  
results from the Dapagliflozin effect on cardiovascular 
events (DECLARE TIMI 58) also demonstrated a lower 
rate of cardiovascular death or hospitalization for heart 
failure in the dapagliflozin group.12 The results from a 
systematic review and meta-analysis of 40 randomized  
controlled trials, which included more than 20,000 
patients, demonstrated that SGLT2i caused a significant 
increase in hematocrit levels [weighted mean difference 
(95% confidence interval): 2.67 (2.53-2.82), P <0.001).13

	 Anemia is one of the non-traditional risk factors for 
cardiovascular disease in patients with CKD.5,14 The results 
from landmark studies and meta-analysis suggested  
that the beneficial effects of SGLT2i in correcting anemia 
in both CKD and non-CKD patients are associated with a 
reduction in cardiovascular events and CKD progression.7,13  
One of the proposed mechanisms is an increase in  
erythropoietin production after SGLT2i treatment. 
Erythropoietin is produced from peritubular fibroblast- 
like interstitial cells in the renal cortex called renal 
erythropoietin-producing cells (REPs). SGLT2i induces 
hypoxia in the renal tubulointerstitium and triggers  
the upregulation of hypoxia-inducible transcription  
factors.15 SGLT2i also decreases proinflammatory  
molecules produced by stressed renal tubular epithelial 
cells.16 These molecules stimulate the conversion of  
REPs from hypoxia-responsive cells to fibrogenic  

myofibroblasts that have decreased sensitivity to hypoxic  
response and produce inflammatory cytokines and  
fibrotic molecules instead of erythropoietin.17 The second  
mechanism involves the inhibition of hepcidin. Hepcidin 
is an iron regulatory protein that binds to ferroportin  
in the plasma membrane, thereby inhibiting its ability to 
transport iron.18 In T2DM, an increase in proinflammatory  
cytokines activates STAT3 and increases the gene expression  
of hepcidin.19,20 Dapagliflozin reduces circulating  
concentrations of hepcidin and ferritin and increases the 
levels of the hepcidin inhibitor, erythroferrone.18

	 Erythrocytosis is defined as a mean increase in red 
blood cell concentration (hemoglobin or red blood 
cells per total blood volume) beyond the normal range  
(hemoglobin >18.5 g/dL in males or >16.5 g/dL in  
females), or hemoglobin and hematocrit levels surpassing 
the 99th percentile for the same age and gender group. 
In addition, erythrocytosis can manifest as an increase  
in hemoglobin of ≥ 2 g/dL from baseline.21 Erythrocytosis 
is caused by both primary and secondary factors.  
The most common causes of erythrocytosis typically  
arise from conditions that result in hypoxemia or  
erythropoietin overproduction. This includes smoking,  
sleep apnea, living in high altitude areas, carbon  
monoxide poisoning, cerebellar hemangioblastoma, 
parathyroid carcinoma, or meningioma. Erythrocytosis 
is also a common side effect of various drug therapies, 
including diuretics, testosterone, and recombinant human 
erythropoietin.22

	 The present study examined the changes in  
hemoglobin and the predictors of erythrocytosis in 
patients with T2DM who received SGLT2i treatment.  
Differences in cardiovascular events and renal outcomes 
between the erythrocytosis and non-erythrocytosis  
groups were also investigated. 

Materials and Methods
	 This retrospective cohort study was conducted  
between January 2020 and December 2022 at Maharat 
Nakhon Ratchasima Hospital, Thailand. This study was 
approved by the Research Ethics Committee of Maharat 
Nakhon Ratchasima Hospital (approval number 65068). 
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The study included 9,077 patients who were taking 
SGLT2i (Empagliflozin and Dapagliflozin). The inclusion  
criteria were as follows: (1) age ≥18 years; (2) diagnosis  
of T2DM; (3) receiving SGLT2i for more than three  
consecutive months and (4) having hemoglobin and/ 
or hematocrit levels before and after 3-12 months of  
the SGLT2i treatment. The exclusion criteria were  
underlying anemia caused by impaired bone marrow 
function, active bleeding, history of chronic blood loss, 
and receiving erythropoietin-stimulating agent injection.
	 Definitions
	 In this study, we defined erythrocytosis as the increase 
in hemoglobin level ≥2 g/dL from baseline before SGLT2i 
treatment. Cardiovascular events and renal outcomes 
recorded were acute coronary syndrome, acute stroke, 
congestive heart failure, acute kidney injury, progression of  
CKD (sustained decline in eGFR), metabolic acidosis (in-
cluding diabetic ketoacidosis), and urinary tract infection.
	 Sample size calculation
	 The sample size was calculated using the G*Power 
Version 3.1 program with F tests family, Linear Multiple 
regression: Fixed Model, R2 deviation from zero. An α  
level of 0.05, power of 0.8, and 22 factors of interest  
(including dummy variables) were used, with an effect size 
of 0.07 (small to medium, based on mean comparison 
from minimum = 0.01 to 0.1 for maximum sample size). 
A minimum of 328 patients were required for the study.23

	 Statistical analysis
	 Data are presented with mean ± standard deviation. 
Univariate logistic regression analysis was conducted to 
examine the factors predicting erythrocytosis. Differences 
between the two groups were compared using the  
Student T-test or chi-square test. Spearman’s correlation  
was used to analyze the association between two  
continuous variables. The correlation between the ranges 
of eGFR and hemoglobin was analyzed by One-way 
ANOVA. The relationships between erythrocytosis with 
cardiovascular events and renal outcomes were analyzed 
using Cox proportional hazards regression models with 
appropriate adjustments for confounders. All statistical 
analyses were performed with STATA version SE 17.0 (Stata 
Corp LLC), using a two-sided significance level of 5%.

Results
	 Table 1 shows the baseline characteristics and  
laboratory data of all patients. The average hemoglobin  
and hematocrit were 12 ± 1.6 g/dL and 36.8 ± 5 %,  
respectively. The average eGFR was 74.2 mL/min/1.73 
m2. The albuminuria level was <30 mg/g in 100 patients 
(44.6%), 30-300 mg/g in 88 patients (39.3%), and >300 mg/g 
in 35 patients (15.6%). Dapagliflozin was administered to 
195 patients (58%) and empagliflozin was administered 
to 141 patients (42%).

Baseline characteristics N = 336

Female, N (%) 158 (47)

Age >60 years, N (%) 222 (66)

Age (years) 65 ± 10.7

Body mass index (kg/m2) 27.32 ± 5.3

Co-morbidities, N (%)
	 	Hypertension
 		Dyslipidemia
 		Coronary arterial disease
 		Cerebrovascular disease
 		Chronic kidney disease
 		Obstructive sleep apnea
 		Morbid obesity

308 (91.7)
333 (99.1)
87 (25.9)
17 (5.1)

124 (36.9)
26 (7.7)
31 (9.2)

Stages of chronic kidney disease, N (%) 
 		Stage 1
 		Stage 2
	 	Stage 3
 		Stage 4
 		Stage 5

122 (36.3)
95 (28.3)
110 (32.7)

8 (2.4)
1 (0.3)

Hemoglobin (g/dL) 12 ± 1.6

Hematocrit (%) 36.8 ± 5

eGFR (ml/min.1.73m2) 74.2 ± 25.6

LDL-Cholesterol (mg/dL) 99.1 ± 29.7

Albuminuria (mg/g) (N; %)
 		<30
 		30-300
 		> 300

(N = 224)
100 (44.6)
88 (39.3)
35 (15.6)

Types of SGLT2i (N; %)
 		Dapagliflozin
 		Empagliflozin

195 (58)
141 (42)

Table 1 Baseline characteristics and laboratory data of 
all patients

eGFR, estimated glomerular filtration rate; LDL, low density 
lipoprotein; SGLT2i, sodium-glucose cotransporter-2 inhibitors
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	 Changes in hemoglobin and hematocrit levels over 
time are shown in Figure 1. The average hemoglobin  
and hematocrit levels gradually increased from baseline,  
with the highest hemoglobin and hematocrit levels  
observed at >24 months. The differences in the  
hemoglobin and hematocrit levels from baseline 
are presented in Figure 2. The median differences in  
hemoglobin from baseline were 0.7, 1, 1.3, and 1.5 g/dL 

at 3, 6, 12, and >24 months, respectively. The greatest 
increases in hemoglobin and hematocrit at >24 months 
were 1.5 g/dL (interquartile range 0.6 - 2.3) and 4.8 % 
(interquartile range 1.7 - 6.9), respectively. Erythrocytosis 
was observed in 125 patients (37.2%) at 12-24 months 
and >24 months. These 125 patients were categorized 
into the erythrocytosis group, leaving 211 patients in the 
non-erythrocytosis group. 

Figure 1 Changes in hemoglobin and hematocrit after sodium-glucose cotransporter-2 inhibitors treatment
Hb, hemoglobin; Hct, hematocrit; mo, months; SD, standard deviation

Figure 2 Changes in hemoglobin and hematocrit from baseline after sodium-glucose cotransporter-2 inhibitors treatment
Hb, hemoglobin; Hct, hematocrit; mo, months; IQR, interquartile range

	 Table 2 shows the results of the predictors of 
erythrocytosis. Age >60 years, using beta-blockers and 
thiazides, lower baseline hemoglobin/hematocrit, and 
kidney function were associated with erythrocytosis.  
The trends of hemoglobin levels in the group of patients 

with erythrocytosis and without erythrocytosis are shown 
in Figure 3. In the group with erythrocytosis, the increase 
in the hemoglobin levels was more evident compared 
with the group without erythrocytosis. 
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Table 2 Logistic regression analyses of the predictors of erythrocytosis

Parameters
Non-erythrocytosis 

(N = 211)
Erythrocytosis 

(N = 125)
Odds Ratio

(95% Confidence Interval)
P

Female (N, %) 97 (64.0) 61 (36) 1.12 (0.72– 1.74) 0.616

Age >60 years (N, %) 128 (57.7) 94 (42.3) 1.97 (1.20 - 3.21) 0.007

Co-morbidities (N, %)
 	 	 Hypertension
  		 Dyslipidemia
 	 	 Cardiovascular disease
  		 Cerebrovascular disease
 	 	 Chronic kidney disease
 	 	Obstructive sleep apnea
  		 Congestive heart failure
 	 	Morbid obesity 

190 (61.7)
210 (63.1)
48 (55.2)
12 (70.6)
68 (54.8)
20 (76.9)
17 (68)

21 (67.7)

118 (38.3)
123 (36.9)
39 (44.8)
5 (29.4)
56 (45.2)
6 (23.1)
8 (32)

10 (32.3)

1.86 (0.77 - 4.52)
0.29 (0.03 - 3.26)
1.54 (0.94 - 2.53)
0.69 (0.24 - 2.01)
1.71 (1.08 - 2.69)
0.48 (0.19 - 1.23)
0.78 (0.33 - 1.86)
0.79 (0.36 - 1.73)

0.169
0.318
0.088
0.497
0.021
0.128
0.577
0.551

Antihypertensive drugs (N, %)
  		 ACEI/ARB 
  		 Beta-blocker 
  		 Calcium-channel blocker
  		 Thiazide 
  		 Furosemide 

133 (63)
59 (28)

96 (45.5)
3 (1.42)
31 (14.7)

79 (63.2)
53 (42)
60 (48)
9 (7.2)

23 (18.4)

1.01 (0.64 - 1.59)
1.9 (1.19 - 3.02)
1.11 (0.71 - 1.72)
5.38 (1.43 - 20.26)
1.31 (0.72 - 2.37)

0.976
0.007
0.657
0.013
0.372

Antihyperglycemic drugs
 	 	 Sulfonylurea
 	 	Metformin
 	 	 Insulin
 	 	 DPP4 inhibitors
 	 	 GLP1-receptor agonist

84 (39.8)
156 (73.9)
65 (30.8)
108 (51.2)
16 (7.56)

52 (41.6)
86 (68.8)
40 (32)

71 (56.8)
12 (9.6)

1.08 (0.69-1.69)
0.78 (0.48-1.27)
1.06 (0.66-1.7)
1.25 (0.8-1.96)
1.29 (0.59-2.83)

0.747
0.311
0.819
0.319
0.519

Cardiovascular disease drugs
  		 Aspirin
  		 Clopidogrel 
  		 Statins
  		 Ezetimibe
  		 Cilostazol
  		 Ticagrelor 
  		 DOACs
  		Warfarin 

95 (45)
19 (9)

198 (93.8)
25 (11.9)
6 (2.8)
2 (1)

4 (1.9)
1 (0.5)

58 (46.4)
14 (11.2)
118 (94.4)
13 (10.4)
4 (3.2)
3 (2.4)
4 (3.2)
5 (4)

1.06 (0.68 - 1.65)
1.27 (0.61 - 2.64)
1.11 (0.43 - 2.85)
0.86 (0.42 - 1.76)
1.13 (0.31 - 4.08)
2.57 (0.42 - 15.59)
1.71 (0.42 - 6.96)
8.75 (1.01-75.77)

0.807
0.514
0.834
0.686
0.853
0.305
0.454
0.049

Laboratory data
 	 	 Hemoglobin (g/dL) 
  		 Hematocrit (%)
  		 Creatinine (mg/dl)
  		 eGFR (ml/min/1.73 m2); median (IQR)

12.4 ± 1.5
38.1 ± 4.5

0.89 (0.6 - 1.15)
79 (55 - 99)

11.2 ± 1.5
34.5 ± 4.9

1.02 (0.79-1.33)
69 (49 - 92)

0.59 (0.5 - 0.7)
0.84 (0.79 - 0.89)
1.71 (1.05 - 2.79)
0.98 (0.98 – 0.99)

<0.001
<0.001
0.031
0.005
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	 The eGFR values during the follow-up period of the 
erythrocytosis and non-erythrocytosis groups are shown 
in Figure 4. The erythrocytosis group had a lower eGFR 
baseline. An initial drop in eGFR was observed in both 

groups. Thereafter, a gradual return of eGFR to baseline 
was observed in both groups, with a tendency towards 
a heightened preservation of renal function in the eryth-
rocytosis group.

ACEI/ARB; angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; DPP4, dipeptidyl peptidase 4; GLP1, 
glucagon-like peptide-1; DOACs; direct oral anticoagulants; eGFR, estimated glomerular filtration rate; CKD, chronic 
kidney disease; SGLT2i; sodium-glucose cotransporter-2 inhibitors

Parameters
Non-erythrocytosis 

(N = 211)
Erythrocytosis 

(N = 125)
Odds Ratio

(95% Confidence Interval)
P

CKD stages (N; %)
  		 stage 1 
  		 stage 2 
  		 stage 3 
  		 stage 4
  		 stage 5

84 (39.8)
63 (29.9)
58 (27.5)
5 (2.4)
1 (0.5)

38 (30.4)
32 (25.6)
52 (41.6)
3 (2.4)
0 (0)

1
1.12 (0.63 - 1.99)
1.98 (1.16 - 3.39)
1.33 (0.30 - 5.84)

NA

0.692
0.012
0.709
NA

Type of SGLT2i (N; %) 
 	 	 Dapagliflozin 
 	 	 Empagliflozin

126 (59.7)
82 (38.8)

68 (54.4)
57 (45.6)

1
1.29 (0.82-2.02) 0.269

Figure 3 Trends in hemoglobin levels in erythrocytosis and non-erythrocytosis groups
Hb; hemoglobin; mo, months

Baseline <3 mo 3-6 mo 6-12 mo 12-24 mo >24 mo

Hb
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l

Period of follow up
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8.00
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16.00

11.2 + 1.5 11.8 + 1.6 12.4 + 1.6 13 + 1.6

13.6 + 1.5 14 + 1.5
12.4 + 1.5 12.6 + 1.5 13 + 1.5 13.1 + 1.6
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Figure 4 Changes in estimated glomerular filtration rate in the erythrocytosis and non-erythrocytosis group
eGFR, estimated glomerular filtration rate; mo, months

	 The correlation between hemoglobin levels and eGFR 
at >24 months is shown in Figure 5. There was a weak 
but significant correlation between hemoglobin levels  
and eGFR (r = 0.316, P < 0.001). Figure 6 shows the  
changes in hemoglobin levels from baseline and the  
average hemoglobin levels according to the ranges of 
eGFR (<30, 30-59, ≥60 ml/min/1.73 m2) at >24 months. 

The increase in hemoglobin from baseline was lowest  
in the group with eGFR ≥60 ml/min/1.73 m2, but  
between-group differences did not reach statistical 
significance (P=0.46). The average hemoglobin level  
at >24 months was highest in the group with eGFR ≥60 
ml/min/1.73m² with a significant difference between the 
3 groups (P <0.001).

Figure 5 Correlation between hemoglobin levels and estimated glomerular filtration rate at > 24 months
GFR, glomerular filtration rate
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Cardiovascular events and renal outcomes
	 The cardiovascular events and renal outcomes  
associated with SGLT2i treatment in patients with and 
without erythrocytosis are presented in Table 3. There 

Figure 6 Changes in hemoglobin levels from baseline and the average hemoglobin levels at >24 months according 
to kidney function 
eGFR, estimated glomerular filtration rate; Hb, hemoglobin

were no differences in cardiovascular events and renal 
outcomes between the two groups. A tendency toward 
an increase in mortality was observed in the non- 
erythrocytosis group.

Table 3 Cardiovascular events and renal outcomes in the erythrocytosis and non-erythrocytosis groups

Adverse events (N/%)
Non-erythrocytosis

(N = 211)
Erythrocytosis

(N = 125)
P-value

Cardiovascular events
	 	Acute coronary syndrome
 	 	Acute stroke
 	 	Congestive heart failure

15 (7.1)
5 (2.4)
4 (1.9)
6 (2.8)

10 (8)
4 (3.2)
1 (0.8)
5 (4)

0.764
0.732
0.655
0.546

Deep venous thrombosis 1 (0.5) 0 (0) 1.000

Renal events
	 	Acute kidney injury
	 	CKD progression
 	 	Metabolic acidosis (including diabetic ketoacidosis)
	 	Urinary tract infection

21 (10)
6 (2.8)
7 (3.3)
1 (0.5)
9 (4.3)

15 (12)
2 (1.6)
6 (4.8)
1 (0.8)
8 (6.4)

0.558
0.715
0.563
1.000
0.443

Death from any cause
	 	Sepsis
	 	Thrombotic cardiovascular events
 	 	Heart failure
  		Malignancy

6 (2.8)
2 (1)

1 (0.5)
2 (1)

1 (0.5)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0.057
0.531
1.000
0.531
1.000

CKD, chronic kidney disease

<30 30-59 >60

14
Hb difference Hb level at >24 months F/U

eGFR range at > 24 months

P=0.46

P<0.001

3.5

7

10.5

14

1.7 1.41.7

12.5+1.6
13.8+1.4

12.9+1.8
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Discussion
	 The present study investigated the changes in  
hemoglobin, prevalence, and predictors of erythrocytosis 
and cardiovascular events and renal outcomes associated 
with erythrocytosis after SGLT2i treatment in patients with 
T2DM. A gradual increase in hemoglobin levels over time 
was observed after SGLT2i treatment. The prevalence of 
erythrocytosis was 32.7%. Predictors of erythrocytosis  
included older age, using thiazide diuretics and  
beta-blockers, and lower hemoglobin and kidney function 
at baseline. There was no difference in cardiovascular 
events and renal outcomes between the erythrocytosis 
and non-erythrocytosis groups.
	 An increase in hemoglobin after SGLT2i treatment has 
been reported previously.13 Similar to previous studies, 
the present study demonstrated a significant increase 
in hemoglobin from baseline after SGLT2i treatment. 
The prevalence of erythrocytosis in the present study 
appeared to be higher than that in previous studies 
that reported a 2-4% increase in hematocrit relative  
to placebo after 8 weeks of SGLT2i treatment.24 It is  
possible that this study had a longer follow-up period, 
and the continued increase of hemoglobin was observed 
beyond 8 weeks of treatment. The decline in eGFR at the 
beginning of treatment with SGLT2i could be explained 
by the diuretic effect of the drug. However, an increase 
in hemoglobin was observed beyond the early period 
indicating that hemoconcentration was not responsible 
for the increase in hemoglobin and hematocrit. As men-
tioned earlier, SGLT2i can enhance erythropoiesis through 
several mechanisms.15-18 
	 This study also showed that both erythrocytosis 
and non-erythrocytosis groups were able to maintain 
eGFR throughout the study period. There was a trend  
that suggested better preservation of eGFR in the erythro-
cytosis group at 24 weeks. The weak correlation between 
hemoglobin and eGFR was also evident, with the group 
with lower eGFR at baseline being more likely to develop 
erythrocytosis. The greater change in hemoglobin after  
SGLT2i treatment in the group of patients with lower  
eGFR and hemoglobin at baseline might be partly  
responsible for the trend toward the preservation of 

eGFR in the erythrocytosis group. Previous studies have 
demonstrated an association between the increase in  
hemoglobin and better renal function after SGLT2i  
treatment.7,8,9 

	 Regarding cardiovascular events and renal outcomes, 
there was no significant difference in the incidence of 
cardiovascular events and renal outcomes between the 
erythrocytosis and non-erythrocytosis groups. However, 
there was a borderline statistically significant difference  
in mortality between the two groups, with no deaths in  
the erythrocytosis group and six deaths in the non- 
erythrocytosis group. This finding could be partly 
explained by the lower hemoglobin level in the  
non-erythrocytosis group.

Limitations 
	 This study was a retrospective observational study; 
therefore, the study was subjected to selection bias and 
confounding variables. The effects of SGLT2i on outcomes 
could not be ascertained because of the lack of a control 
group. The study was conducted in a single center, thereby 
limiting the generalizability of the results. The findings 
from the present study require confirmation from larger 
randomized trials with longer follow-up periods.
 
Conclusion
	 A gradual increase in hemoglobin levels was observed 
after SGLT2i treatment in patients with T2DM. The preva-
lence of erythrocytosis was high, and the predictors of 
erythrocytosis included lower hemoglobin and kidney 
function at baseline. The presence of erythrocytosis did 
not significantly affect cardiovascular events and renal 
outcomes.
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