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Abstract
Background and Objective: Existing data about the contributing factors of operative effect for type 2 diabetes mellitus (T2DM) are still limited in Chinese
patients, especially about preoperative blood routine and biochemical indexes. We evaluated a prospective cohort of T2DM patients in early and middle stage
with obesity to assess the post-operative prognosis and investigate its contributing factors.

Methods: Adult T2DM participants in early and middle stage with obesity were enrolled and received metabolic surgery. Clinical data such as age, sex,
baseline body mass index, percentage excess weight loss, glycemia range and drug consumption were collected and analyzed. Patients were managed by a
multi-disciplinary team and followed up for 12 months. Complete remission was de�ned as HbA1c < 6.0%, fasting glucose < 5.6 mmol/l, without
pharmacological intervention for at least 3 months.

Results: In this study, a total of 96 T2DM patients with metabolic surgery were included. Among them, 61 (63.54%) patients had complete remission and 85
(88.50%) had post-operative partial remission after a 12-month clinical follow-up. Only 1 patient was reported to have an anastomotic leak; no surgical
mortality during the follow-up. According to the complete remission or not, the patients were divided into two groups. There were signi�cant differences on
stroke history, fasting blood sugar and white blood cell between them. Furthermore, in multivariable analyses models, preoperative triglyceride (adjusted OR,
0.585; 95%CI, 0.418-0.819; p<0.01) and preoperative lymphocyte count (adjusted OR, 2.647; 95%CI, 1.141-6.142; p < 0.05) was signi�cantly associated with
complete remission of T2DM.

Conclusion: Our data suggest that T2DM patients with lower triglyceride and higher lymphocyte count tended to achieve post-operative remission.
Preoperative evaluation of lipid metabolism and immune function may be helpful for the evaluation of prognosis of metabolic surgery.

Introduction
As a traditionally intractable chronic medical condition, the medical management of type 2 diabetes mellitus (T2DM) typically consists of lifestyle
modi�cations and speci�c glucose-lowering medications(1, 2). Most patients bene�t from these conservative approaches in a short term, however, persistent
clinical remission and its associated metabolic improvement is rarely achieved(2, 3). At the same time, the pharmacotherapy of T2DM is often oriented
towards managing only hyperglycemia, rather than the disease's numerous metabolic disorders(4).

The pathogenesis of insulin resistance and T2DM is closely related to overall and visceral adiposity(5, 6). The remarkable effects of metabolic surgery
regarding metabolic amelioration and therapeutic modality for T2DM have gradually gathered attention(7). In a large sample study, a considerable number of
patients (75%) achieved remission of T2DM after two years’ surgery(8). Furthermore, the remission and weight loss were accompanied by a regression of
microalbuminuria and a lower incidence of vascular complications(9). However, existing data about the contributing factors of operative effect, especially
about preoperative blood routine and biochemical indexes, are still limited.

In this cohort study, the demographic and clinical characteristics of T2DM patients with obesity receiving metabolic surgery were collected. Meanwhile, the
correlations between preoperative indicators and prognosis were examined in a 12-month follow-up.

Methods
Study Population

We conducted a prospective single-cohort study of T2DM individuals who received metabolic surgery in the First A�liated Hospital of Soochow University
between January 2013 and July 2018. T2DM was de�ned as 1) using of diabetes medication; 2) fasting whole blood glucose ≥ 7.0 mmol/L and/or random
whole blood glucose ≥ 11.1 mmol/L; 3) patients according to national or local patient registers with diabetes. Diagnosis and classi�cation of T2DM was
based on the criteria established by the American Diabetes Association(10). Diabetic patients were managed by a multi-disciplinary team included
endocrinologist and general surgeon. The exclusion criteria were as follows: 1) patients were younger than 18 years old or older than 65 years old; 2) patients
with a body mass index (BMI) ≤ 32 kg/m2; 3)patients withhistory of previous metabolic surgery; 4) patients with type 1 diabetes or poor beta-cell function
(diagnosed anti-GAD or islet-cell auto-antibodies, insulin use for more than ten years, fasting C-peptide < 1 ng/ml, or unresponsive to a stimulus test); 5)
patients with end organ damage; 6) patients with pregnancy; 7) patients had a history of infectionwithin 2 weeks before admission that was de�ned as
fever(T ≥ 38◦C) and at least one other typical symptoms (cough,rhinitis, hoarseness, sneezing, or vomiting); 8) patients had a history of alcoholic cirrhosis,
hematological diseases, autoimmune diseases, or treatment with immunosuppressive agents.

All participants accepted nutritional, psychological and endocrinological assessments. Diabetic patients with obesity were eligible for the study if they had a
BMI>32 kg/m2 and/or poorly controlled T2DM after 6 months of nutrition intervention and hypoglycemic treatment. All post-operative patients received the
same medical advice and treatment, including reasonable diet, effective blood pressure control and inactive hypoglycemic therapy(monotherapy or off
medication).

Surgical Procedures

Surgical procedures included the following two types of metabolic procedures: (1) laparoscopic Roux-en-Y gastric bypass (LRYGB); (2) laparoscopic sleeve
gastrectomy (LSG). Procedure would be selected after a comprehensive pre-operative conference with the multi-disciplinary team. All procedures were
performed by the same experienced surgical team. Brie�y, we used a standard 5-port laparoscopic technique. The LRYGB operation involves an antecolic,
antegastric Roux limb, a 100-cm bilio-pancreatic limb, and a 100-cm alimentary limb. The gastric pouch was approximately 30 ml, and the gastrojejunostomy
was created by a stapler technique with an anastomosis 1.0-1.5 cm in diameter. LSG was performed by creating a sleeve gastrectomy over a 36Fr bougie and



Page 3/11

leaving a 4-6 cm long antrum. Thromboembolic prophylaxis consisted of perioperative pneumatic compression and low-molecular weight heparin
(4000AxaIU) during anesthetic induction.

Clinical Information Collection

Demographics were collected through electronic patient records and administrative databases. Patients body weight was measured in light clothing without
shoes to the nearest 0.1 kg, and body height was measured to the nearest 0.1 cm. BMI was calculated as weight in kilograms divided by height in meters
squared. Complete blood cell counts and blood biochemical parameters, including the individual components of glycemic control (levels of serum glucose,
HbA1c levels), were assessed preoperatively. Peripheral venous blood samples were collected on the morning of the second day after admission with an
overnight fasting.

Outcome Variables

The primary outcome was the complete remission of T2DM at post-operative 12 months. Other outcomes were partial remission of T2DM at post-operative 12
months, percentage excess weight loss (%EWL) at post-operative 6 months (good outcome: >50%), and %EWL at post-operative 12 months (good outcome:
>50%). Complete remission was de�ned as achieving glycemia below the diabetic range (HbA1c in the normal range [< 6.0%], fasting glucose < 5.6 mmol/l)
without pharmacological interventionfor at least 3 months. Partial remission was de�ned as sub-diabetic hyperglycemia (HbA1C not diagnostic of diabetes [<
6.5%], fasting glucose 100-125 mg/dl [5.6-6.9 mmol/l]) without pharmacological interventionfor at least 3 months. Diabetic patients were managed by a multi-
disciplinary team, but each patient was followed by the case manager. First clinical evaluation was performed 1 week after discharge. Then clinical and
laboratory evaluation (fasting glucose, glycosylated hemoglobin and blood count) were performed at post-operative 3, 6, 9, and 12 months.

Data Analyses

Continuous variables were analyzed as mean and standard deviation or the median and interquartile range while categorical variables were analyzed as
frequency and percentage, properly. Student’s t-test, Mann-Whitney U test or Chi-square test was used to assessed differences among variables. Pearson’s
correlation coe�cients were calculated to assess the relationship between the variables. Logistic regression analysis was used to �nd contributing factors
which associated with remission of T2DM in patients receiving metabolic surgery. Models were built for groups of confounding factors: Model 1 was adjusted
for demographics; Model 2 was adjusted for model 1 covariates and medical history of stroke and hypertension; and Model 3 additionally for baseline blood
routine, biochemical indexes and BMI. Considering the correlation among smoking status, alcohol consumption and gender in China, we did not bring them
into the adjustment factors at the same time. The level of signi�cance for these descriptive comparisons was established at 0.05 for two-sided hypothesis
testing. Statistical analysis was performed in SPSS 25.0.

Results

Participants and Descriptive Characteristics
The initial sample included 429 patients with diabetes. Only 104 T2DM patients with obesity were recruited. A 12-month clinical follow-up was performed.
Eight patients were lost (8/104, 7.7%) and 96 participants (60 LRYGB and 36 LSG) �nally formed the basis of this report. Only 1 patient was reported to have
an anastomotic leak; no surgical mortality during the follow-up. As the number of participants with severe postoperative complications and death was very
small, no useful separate analysis could be made. Patient selection is illustrated in Fig. 1.

Among all subjects, 45.8% were males (44/96); the age was 36.0 (30.0, 45.0) years old; 28 (29.2%) patients had a smoking history; 83 (86.5%) had a
hypertension history; and 6 (6.3%) had a stroke history. Baseline white blood cell (WBC) was 8.13 ± 2.16 × 109/L; lymphocyte count was 1.90 (1.53, 2.32) × 109

/L; total cholesterol (TC) was 4.73 ± 0.95 in mmol/L; triglyceride (TG) was 1.99 (1.37, 2.98) in mmol/l; and fasting blood sugar (FBS) was 8.19(6.38, 10.87) in
mmol/L; preoperative BMI was 39.25 (34.4, 44.75). Among them, 61 (63.54%) patients had complete remission at post-operative 12 months; and 11.5%
patients did not achieve post-operative remission. Meanwhile, %EWL at post-operative 6 months was 66.45(56.35, 73.18); %EWL at post-operative 12 months
was 72.65(66.98, 81.05). Patient characteristics were shown in Table 1.
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Table 1
The characteristics of patients receiving surgical T2DM treatment

Characteristics Patients (N = 96)

Demographics and medical history  

Age in years, median (IQR) 36 (30, 45)

Male, n (%) 44 (45.8)

Smoking status, n (%) 28 (29.2)

Alcohol consumption, n (%) 20 (20.8)

Hypertension, n (%) 83 (86.5)

Stroke history, n (%) 6 (6.3)

Hyperlipidemia, n (%) 80 (83.3)

Clinical features  

Surgical procedure  

LRYGB, n (%) 60 (62.5)

LSG, n (%) 36 (37.5)

Preoperative BMI, median (IQR) 39.25 (34.4, 44.75)

Preoperative FBG in mmol/l, median (IQR) 8.19(6.38, 10.87)

Preoperative WBC in ×109 /L,mean ± SD 8.13 ± 2.16

Preoperative N in ×109 /L, median (IQR) 5.91 (4.79, 7.40)

Preoperative L in ×109 /L, median (IQR) 1.90 (1.53, 2.32)

Preoperative M in ×109 /L, median (IQR) 0.59 (0.43, 0.76)

Preoperative RDW (%), median (IQR) 12.90 (12.50, 13.60)

Preoperative creatinine in µmol/L, median (IQR) 54.20 (46.00, 66.88)

Preoperative TC in mmol/L, mean ± SD 4.73 ± 0.95

Preoperative TG in mmol/L, median (IQR) 1.99 (1.37, 2.98)

Outcomes  

complete remission at 12 months after operation, n (%) 61 (63.5)

partial remission at 12-months after operation, n (%) 85 (88.5)

%EWL at 6-months after operation, median (IQR) 66.45(56.35, 73.18)

%EWL at 12-months after operation, median (IQR) 72.65(66.98, 81.05)

Abbreviations: IQR, interquartile range; BMI, body mass index; FGB, fasting blood glucose; TC, total cholesterol; TG, triglyceride; %EWL, percentage excess
weight loss.

Comparison Of Clinical Characteristics In Patients Receiving Metabolic Surgery
According to the remission of T2DM or not, these participants were divided into two groups: the complete post-operative remission group with 61 patients and
the non-complete post-operative remission group with 35 patients. Statistical analysis indicated that there were signi�cant differences on stroke history,
baseline WBC and FBS (P < 0.05); However, there was no difference on age, gender, smoking, drinking, hypertension, hyperlipidemia, surgical procedure,
baseline TC, TG, BMI or other factors between two groups (P > 0.05, Table 2).
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Table 2
Comparison of descriptive characteristics between groups of patients with complete remission or not

Characteristics complete remission(N = 61) Non-complete remission(N = 35) P value

Demographics and medical history      

Age in years, median (IQR) 37 (28.5, 46.5) 35 (30, 42) 0.994

Male, n (%) 27 (44.3) 17 (48.6) 0.683

Smoking status, n (%) 17 (27.9) 11 (31.4) 0.712

Alcohol consumption, n (%) 12 (19.7) 8 (22.9) 0.711

Hypertension, n (%) 53 (86.9) 30 (85.7) 1.000

Stroke history, n (%) 1 (1.6) 5 (14.3) 0.023

Hyperlipidemia, n (%) 50 (82.0) 30 (85.7) 0.635

Clinical features      

Surgical procedure      

LRYGB, n (%) 26 (72.2) 10 (27.8) 0.171

LSG, n (%) 35 (58.3) 25 (41.7)

Preoperative BMI, median (IQR) 39.30 (34.95, 45.30) 39.1 (33.7, 42.7) 0.255

Preoperative FBG in mmol/l, median (IQR) 6.79(5.45, 8.65) 11.18(8.64, 13.62) < 0.001

Preoperative WBC in ×109 /L,mean ± SD 8.47 ± 2.39 7.53 ± 1.53 0.021

Preoperative N in ×109 /L, median (IQR) 5.01 (3.59, 6.25) 4.57 (3.39, 5.26) 0.092

Preoperative L in ×109 /L, median (IQR) 2.46 (2.02, 2.94) 2.41 (2.00, 2.89) 0.532

Preoperative M in ×109 /L, median (IQR) 0.45 (0.35, 0.59) 0.42 (0.37, 0.56) 0.678

Preoperative RDW (%), median (IQR) 13.00 (12.45, 13.55) 12.8 (12.5, 13.6) 0.873

Preoperative creatinine in µmol/L, median (IQR) 57.00(46.00, 69.60) 52.00 (46.00, 60.00) 0.107

Preoperative TC in mmol/L, mean ± SD 4.66 ± 0.85 4.87 ± 1.11 0.295

Preoperative TG in mmol/L, median (IQR) 1.86 (1.35, 2.86) 2.33 (1.66, 3.83) 0.060

Furthermore, we calculated the correlation coe�cients between age, gender, smoking, drinking, hypertension, coronary disease, stroke history, BMI, blood
biochemical criterions, complete remission and partial remission at post-operative 12 months, %EWL at post-operative 6 months, and %EWL at post-operative
12 months. Observed correlation coe�cients: r = 0.405 between preoperative BMI and WBC (p < 0.01); r = 0.220 between preoperative TG and partial post-
operative remission (p < 0.05); r = − 0.251 between stroke history and complete post-operative remission (p < 0.05); r = 0.286 between %EWL at post-operative
12 months and complete post-operative remission. Post-operative remission had weak but signi�cant correlations with stroke history, preoperative TG, and
%EWL at post-operative 12 months (Table 3).
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Table 3
Pearson correlation coe�cients between the variables and prognoses

  Age Gender Smoking
status

Drinking Stroke
history

Hypertension WBC Neutrophil
count

lymphocyte
count

RDW Preoperative
BMI

cr

Age 1 0.056 0.168 0.147 0.03 .206* − .207* -0.136 − .217* 0.064 − .231* .2

Gender 0.056 1 − .652** − .455** -0.194 0.064 0.018 0.1 -0.081 0.151 0.147 − 

Smoking
status

0.168 − .652** 1 .743** 0.118 0.053 -0.067 -0.074 -0.002 0.031 -0.099 .3

Drinking 0.147 − .455** .743** 1 0.079 0.053 -0.062 -0.052 0.03 0.033 -0.064 .2

Stroke
history

0.03 -0.194 0.118 0.079 1 0.102 -0.049 -0.088 0.106 -0.082 -0.047 -0

Hypertension .206* 0.064 0.053 0.053 0.102 1 -0.024 0.054 -0.09 .221* 0.099 0.

WBC − .207* 0.018 -0.067 -0.062 -0.049 -0.024 1 .913** .503** -0.03 .405** -0

Neutrophil
coun

-0.136 0.1 -0.074 -0.052 -0.088 0.054 .913** 1 0.166 0.096 .443** 0.

lymphocyte
count

− .217* -0.081 -0.002 0.03 0.106 -0.09 .503** 0.166 1 − .272** 0.024 -0

RDW 0.064 0.151 0.031 0.033 -0.082 .221* -0.03 0.096 − .272** 1 .353** -0

Preoperative
BMI

− .231* 0.147 -0.099 -0.064 -0.047 0.099 .405** .443** 0.024 .353** 1 -0

creatinine .248* − .407** .319** .236* -0.046 0.004 -0.018 0.055 -0.158 -0.102 -0.039 1

TC 0.051 0.088 -0.089 0.056 -0.134 0.091 -0.03 -0.044 -0.032 -0.063 -0.043 0.

TG 0.008 -0.17 -0.012 -0.087 0.145 .238* -0.031 -0.078 0.046 -0.081 -0.181 0

FBG -0.015 -0.155 0.14 0.192 0.156 0.107 -0.142 -0.117 -0.088 -0.012 -0.124 -0

Complete
remission

-0.001 0.042 -0.038 -0.038 − .251* 0.016 0.186 0.173 0.064 0.016 0.117 0.

Partial
remission

0.031 -0.003 0.159 0.104 -0.177 0.049 0.116 0.086 0.087 0.03 0.174 0.

%EWL at 6-
months

0.052 -0.127 0.155 0.122 -0.099 0.131 0.082 0.053 0.134 0.007 -0.116 0.

%EWL at 12-
months

-0.042 0.014 -0.053 -0.066 -0.149 0.035 0.146 0.104 0.174 -0.053 -0.064 -0

**p < 0.01. *p < 0.05.

Contributing Factors Associated With Prognosis In Postoperative T2DM Patients
Univariate and multivariable logistic regression analyses were used to identify the risk factors associated with prognosis in postoperative T2DM patients. In
the demographic-adjusted Model (Model 1), only preoperative FBS was signi�cantly associated with all four prognoses. After further adjustment for medical
history of patients in Model 2, baseline WBC was associated with complete post-operative remission of T2DM at post-operative 12 months (adjusted OR,
1.283; 95%CI, 1.006–1.637; p < 0.05) (Table 4).
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Table 4
Logistic regression analysis of contributing factors associated with prognosis in patients receiving surgical T2DM treatment

Factor Total (N = 96) Univariate OR Multivariate OR

Complete remission at 12-months 61 (63.5)    

Model 1      

Preoperative FBG   0.574 (0.455–0.723)*** 0.569 (0.451–0.718)***

Model 2      

Preoperative WBC   1.270 (1.008-1.600)* 1.283 (1.006–1.637)*

Model 3      

Preoperative BMI   1.036 (0.972–1.104) 1.026 (0.937–1.123)

Preoperative lymphocyte count   1.356 (0.745–2.470) 2.647 (1.141–6.142)*

Preoperative TC   0.789 (0.508–1.226) 0.592 (0.339–1.035)

Preoperative TG   0.757 (0.590–0.971)* 0.585 (0.418–0.819)**

Partial remission at 12-months 85 (88.5)    

Model 1      

Preoperative FBG   0.785 (0.664–0.928)** 0.774 (0.649–0.924)**

Model 2      

Preoperative WBC   1.248 (0.876–1.779) 1.350 (0.898–2.029)

Model 3      

Preoperative BMI   1.115 (0.983–1.266) 1.515 (1.022–2.244)*

Preoperative lymphocyte count   1.512 (0.581–3.939) 6.718 (0.772–58.462)

Preoperative TC   1.030 (0.530–2.002) 2.155 (0.600-7.738)

Preoperative TG   0.596 (0.434–0.820)** 0.323 (0.141–0.737)**

%EWL at 6-months 80 (83.3)    

Model 1      

Preoperative FBG   0.798 (0.685–0.930)** 0.796 (0.680–0.931)**

Model 2      

Preoperative WBC   1.157 (0.870–1.539) 1.173 (0.872–1.577)

Model 3      

Preoperative BMI   0.992 (0.919–1.072) 0.998 (0.902–1.105)

Preoperative lymphocyte count   2.113 (0.871–5.130) 3.603 (1.230-10.556)*

Preoperative TC   0.774 (0.444–1.348) 0.662 (0.332–1.320)

Preoperative TG   1.017 (0.774–1.336) 0.994 (0.700-1.412)

%EWL at 12-months 86 (89.6)    

Model 1      

Preoperative FBG   0.761 (0.637–0.908)** 0.754 (0.623–0.913)**

Model 2      

Preoperative WBC   1.510 (0.994–2.295) 1.485 (0.970–2.275)

***p < 0.001. **p < 0.01. *p < 0.05.

Model 1: demographics-adjusted

Model 2: additionally adjusted for fmedical history of stroke and hypertension

Model 3: additionally adjusted for preoperative BMI, preoperative lymphocyte count, preoperative creatinine, preoperative TC, preoperative TG, preoperative
platelet

based on 96 patients
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Factor Total (N = 96) Univariate OR Multivariate OR

Model 3      

Preoperative BMI   1.069 (0.952-1.200) 1.106 (0.950–1.289)

Preoperative lymphocyte count   1.736 (0.617–4.884) 2.197 (0.598–8.069)

Preoperative TC   0.449 (0.225–0.895)* 0.370 (0.150–0.913)*

Preoperative TG   0.960 (0.716–1.288) 0.949 (0.596–1.510)

***p < 0.001. **p < 0.01. *p < 0.05.

Model 1: demographics-adjusted

Model 2: additionally adjusted for fmedical history of stroke and hypertension

Model 3: additionally adjusted for preoperative BMI, preoperative lymphocyte count, preoperative creatinine, preoperative TC, preoperative TG, preoperative
platelet

based on 96 patients

In the fully adjusted model(Model 3), after additional adjustment for the preoperative blood biochemical criterions and BMI, our results indicated that
preoperative TG (adjusted OR, 0.585; 95%CI, 0.418–0.819; p < 0.01) and preoperative lymphocyte count (adjusted OR, 2.647; 95%CI, 1.141–6.142; p < 0.05) was
associated with complete remission of T2DM at post-operative 12 months. At the same time, preoperative TG (adjusted OR, 0.323; 95%CI, 0.141–0.737; p < 
0.01) and preoperative BMI (adjusted OR, 1.515; 95%CI, 1.022–2.244; p < 0.05) was associated with partial remission of T2DM at post-operative 12 months.
Preoperative lymphocyte count (adjusted OR, 3.603; 95%CI, 1.230-10.556; p < 0.05) was associated with %EWL at post-operative 6 months; Preoperative TC
(adjusted OR, 0.370; 95%CI, 0.150–0.913; p < 0.05) was associated with %EWL at post-operative 12 months. However, baseline WBC, neutrophil count and
monocyte count showed no association with prognosis in post-operative T2DM patients in the fully adjusted models (Table 4).

Discussion
In our study, the operative effect in T2DM patients with obesity as well as preoperative blood biochemical indexes were analyzed. Our results showed that
patients with lower preoperative TG levels were more likely to have post-operative remission of T2DM. In addition, preoperative lymphocyte count was also
associated with complete post-operative remission of T2DM and %EWL in short term after operation. To our knowledge, this study was the �rst time to
analyze the relationship between the preoperative blood biochemical indexes and post-operative remission of T2DM in metabolic surgery.

The underlying mechanism for diabetes remission after metabolic surgery is intriguing and weight loss is the most essential part of the treatment, even in non-
obese patients(11, 12). Abnormal lipid metabolism is a chronic and progressive disease. Previous studies found a bimodal adipocyte distribution in morbidly
obese individuals: hypertrophy of the larger adipocyte population and higher proportion of very small adipocytes(13). Large adipocyte size may reduce
adipose tissue acyl-CoA synthetase and diacylglycerol acyltransferase activities, suggesting lower capacity for fatty acid storage(14). Meanwhile, hypertrophic
remodeling of white adipose tissues is associated with adipose tissue dysfunction and lean organs, especially heart and liver, overexposure to circulating
triglycerides (TG), ultimately leading to insulin resistance and metabolic diseases(13, 15, 16). Hepatic TG accumulation and hepatic insulin resistance may
play an important role in impaired inhibition of gluconeogenesis(17). Previous study had shown that metabolic surgery improves fatty liver and hepatic insulin
sensitivity, and reduces expression of pancreatic markers associated with diabetes(18).Moreover, glycerol �uxes remained unchanged one week after RYGB,
but a signi�cant decrease 1 year after surgery(19, 20). Although we could not �nd any evidence to show the effect metabolic surgery on lipid tolerance, these
results underscore the importance of impaired glycerol metabolic regulation for fasting glucose levels.

In the present study, we observed lower preoperative TG levels in complete remission group. Moreover, preoperative TG was independently associated with
post-operative remission of T2DM after excluding effects of confounding. However, it is di�cult to determine the causal relationship between preoperative TG,
abnormal lipid metabolism and T2DM on the available evidence. We can only preliminarily infer that low preoperative TG may indicate mild lipid metabolism
abnormality or short duration, and it may predict the post-operative remission of T2DM, independently of traditional risk factors.

Obesity is a condition that is associated with low grade in�ammation due to hypertrophy and hyperplasia of adipose tissues(21, 22). Immune cells are not
only the key players in inducing low grade chronic in�ammation in obesity and also are main factor responsible for pathogenesis of insulin resistance
resulting Type 2 diabetes(22). Our data suggested that higher preoperative lymphocyte count was related with post-operative complete remission and short-
term %EWL. Recently studies suggested that lymphocytes were involved into the pathogenesis of obesity that associated insulin resistance(23-25).
Meanwhile, cytokines secretion from lymphocytes were involved directly in recruitment and phenotypic switch of other immune cells(26, 27). The biomarkers
of in�ammation trigger in�ammatory pathways in liver cells resulting in insulin insensitivity(28).There is a signi�cant change in number of some lymphocyte
subsets like NKT cells, Th1 cells and Th2 cells during obesity(29). Higher preoperative lymphocyte count may indicate a stronger immune response in
obesity(28-30).However, the precise roles of lymphocyte subsets in obesity are still unclear and needed to be further investigated.

Our data should be interpreted with some caution due to limitations of the study. Since the participants in this study were recruited only from one clinical unit,
there may have retrospective bias inherent due to the insu�cient sample size. We used de�nitions of post-operative complete and partial remission similar to
ADA consensus statement, but not identical(31). Considering that the general lack of regular physical examination in Chinese patients may lead to the
undetected T2DM, we did not include the duration of DM into variables. The study is observational in nature. We can’t prove the causal relationship among
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preoperative TG, lymphocyte count and post-operative remission of T2DM. Moreover, we did not assess lipid metabolism at follow-up time points. The exact
clinical relevance needs to be further studied.

Conclusion
Our data indicated that most T2DM patients bene�ted from metabolic surgery. Preoperative TG and lymphocyte count were independently associated with
post-operative complete remission of T2DM. Preoperative evaluation of lipid metabolism and immune function may be used to evaluate the prognosis of
metabolic surgery and avoid unnecessary operation.

Abbreviations
T2DM, type 2 diabetes mellitus; BMI, body mass index; LRYGB, Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; %EWL, percentage excess
weight loss; IQR, interquartile range; TC, total cholesterol; TG, triglyceride; WBC, white blood cell; FBS, fasting blood sugar.
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Figure 1

The initial sample included 429 patients with diabetes. Only 104 T2DM patients with obesity were recruited. A 12-month clinical follow-up was performed.
Eight patients were lost (8/104, 7.7%) and 96 participants (60 LRYGB and 36 LSG) �nally formed the basis of this report. Only 1 patient was reported to have
an anastomotic leak; no surgical mortality during the follow-up. As the number of participants with severe postoperative complications and death was very
small, no useful separate analysis could be made. Patient selection is illustrated in Figure 1.


