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Abstract
Background and aims  Bariatric surgery (BS) reduces long-term mortality in comparison with medical treatment of obesity. 
Some studies indicate that this effect is significant for patients above mean age in different cohorts, but not for younger 
patients. These findings raise the question whether morbid obese patients should undergo BS as soon as possible, or whether 
patients might undergo surgery later in their life.
Methods  We performed a post hoc analysis of two studies; we evaluated surgery-related long-term mortality in: (1) the 
whole cohort [857 surgery patients (163 diabetes) vs. 2086 controls (512 diabetes)]; (2) patients above mean age [> 43 
years, 427 surgery patients (133 diabetes) vs. 1054 controls (392 diabetes)]; (3) patients below mean age [≤ 43 years, 432 
surgery patients (30 diabetes) vs. 1032 controls (120 diabetes]. Then, we analyzed age-related long-term mortality in the 
whole cohort, as well as in surgery patients and in controls. Finally, we analyzed incident diseases (diabetes, cardiovascular 
disease, and cancer) as a function of surgery versus no-surgery and of mean age.
Results  Surgery patients, compared with controls receiving standard medical/dietary treatment, had reduced mortality in the 
whole cohort (HR = 0.45, 95% CI 0.33–0.62, p = 0.001) and in the study group aged > 43 years (HR = 0.39, 95% CI 0.28–0.56, 
p = 0.001), but not in the study group aged ≤ 43 years (HR = 0.87, 95% CI 0.42–1.80, p = 0.711). Reduced mortality was observed 
in non-diabetic and diabetic patients aged > 43 years (HR = 0.37, 95% CI 0.23–0.62, p = 0.001 and HR = 0.45, 95% CI 0.27–0.74, 
p = 0.002, respectively) who underwent bariatric surgery. In contrast, in patients aged ≤ 43 years, no significant protective effect 
of bariatric surgery appeared in non-diabetic patients (HR = 0.64, 95% CI 0.24–1.71, p = 0.371), and mortality increased, almost 
significantly, in diabetic patients aged < 43 years (HR = 2.87, 95% CI 0.96–8.56, p = 0.058), and even more in diabetic patients 
aged 33–43 years; HR = 4.99, 95% CI 1.18–21.09, p = 0.029). As expected, age-related mortality was increased in the whole cohort 
(HR = 7.23, 95% CI 5.14–10.17, p = 0.001), in non-diabetic and diabetic controls (HR = 8.55, 95% CI 5.77–12.68, p = 0.001, and 
HR = 3.76, 95% CI 1.97–7.18, p = 0.001, respectively). The effect of aging was slightly reduced in surgery patients (HR = 3.76, 
95% CI 1.87–7.58, p = 0.001), while it was not significant in diabetic surgery patients (HR = 0.70, 95% CI 0.26–1.90, p = 0.88), 
further emphasizing that diabetes per se has a strong negative effect on survival, also with concomitant bariatric surgery. In a 
supplementary analysis, HRs did not change when surgery and control parents were matched for the presence of diabetes. Incident 
diseases (cardiovascular, diabetes, and cancer) were less frequent in surgery than in control patients, irrespective of age.
Conclusion  Bariatric surgery reduces long-term mortality in comparison with medical treatment when performed in patients 
aged > 43 years, but not in younger patients, where it is neutral or could even increase mortality; reduction in morbidity 
occurs at any age.
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Abbreviations
BMI	� Body mass index
BG	� Blood glucose
HbA1c	� Glycated hemoglobin
e-GFR	� Estimated glomerular filtration rate (ml/

min/1.73 m2)
AST	� Aspartate transaminase
ALT	� Alanine transaminase
CHD	� Coronary heart disease
LAGB	� Laparoscopic gastric banding
RYGB	� Gastric bypass
BPD	� Biliopancreatic diversion
BIBP	� Biliointestinal bypass

Background

Bariatric surgery is commonly performed in severely obese 
middle-aged patients, with a mean age of 39 years (16–64 
years) [1]. Recently, positive data on bariatric surgery have 
been published in obese adolescents, so that it has been pro-
posed that “bariatric surgery in severely obese adolescents 
should be considered standard of care” [2], even though 
the numbers of interventions performed in the USA appear 
overall small [3]. On the other hand, obese patients with 
advanced age (> 50 years or > 60 years) seem to have ben-
efits not different from middle-aged obese patients in terms 
of resolution of comorbidities [4–6].

Bariatric surgery, when compared to medical treat-
ment, reduces long-term mortality in obesity [7, 8]. Data 
from a few studies indicate that the effect is significant for 
patients above mean age of cohorts (i.e., aged > 42, or > 43, 
or > 44 years in different published cohorts), but not for 
younger patients. This phenomenon seems to be consist-
ent because it has been shown consistently for different 
procedures such as laparoscopic adjustable gastric band-
ing (LAGB [9] (restrictive), for gastric bypass (RYGB [10] 
(restrictive/malabsorptive), as well as malabsorptive surger-
ies (biliopancreatic diversion/Scopinaro procedure [BPD] 
and biliointestinal bypass [BIBP] together [11]).

These data open the question whether obese patients 
should undergo bariatric surgery as soon as possible, or 
whether patients might undergo surgery later in their life, 
i.e., which should be the best age to perform bariatric sur-
gery. In order to attempt to address this question, we per-
formed a post hoc analysis. In a preliminary set of data, we 
confirmed that bariatric surgery reduces long-term mortal-
ity in comparison with medical treatment of obesity in the 
whole cohort, and in patients above mean age (> 43 years), 
but not in patients below mean age (≤ 43 years). Then, we 

analyzed age-related mortality in obese patients receiving 
medical treatment of obesity. We found that age-related mor-
tality is elevated in obese diabetic and non-diabetic patients 
receiving medical treatment of obesity and is reduced by 
bariatric surgery in non-diabetic patients, but not in diabetic 
patients, suggesting that bariatric surgery reduces mortal-
ity in older patients, likely at higher risk, but can increase 
mortality in younger patients, likely at lower risk. If con-
firmed in larger, multicenter, and randomized studies, these 
data would imply that surgery should be restricted to older 
patients.

Patients and methods

Two studies performed by the LAGB10 working group 
were analyzed. One study evaluated long-term mortality in 
obese patients undergoing LAGB in comparison with obese 
patients receiving medical treatment of obesity [9]. The 
other study evaluated long-term mortality in obese patients 
undergoing malabsorptive surgery (BPD or BIBP) in com-
parison with obese patients receiving medical treatment of 
obesity [11].

The two studies were retrospective, had a similar 
dimension, and were of a similar duration [13.9 ± 1.87 
(mean ± SD)] versus [12.1 ± 3.41 years (mean ± SD)]. In 
both studies series, several patients refused bariatric sur-
gery, mainly because of lack of understanding of potential 
benefits, fear of surgery and of surgical complications, or 
inability/unwillingness to comply with the anticipated 
change of lifestyle habits or with the program of scheduled 
visits. Patients who declined surgery for any reason, but 
agreed to be followed up during medical/dietary treatment, 
were considered controls. In both studies, medical records 
of obese patients undergoing surgery [(LAGB, n = 385; 52 
with diabetes) or no-surgery medical treatment (controls, 
n = 681; 127 with diabetes)] during the period 1995–2001; 
[(BPD + BIBP, (n = 472; 111 with diabetes) or no-surgery 
medical treatment (n = 1405; 385 with diabetes)] during the 
period 1999–2008] were collected from baseline (visit 1). 
The mean age of the combined cohorts was 43 years. In both 
studies, patients were matched for age, sex, BMI, and blood 
pressure. In the first cohort [9], but not in the second cohort 
[11], patients with diabetes in the control group were in 
slight excess as compared with the surgery group; after com-
bining the two cohorts, the number of patients with diabetes 
was greater in the control group than in the surgery group 
(p = 0.01). In both studies, identification codes of patients 
were entered in the Italian National Health System, Lom-
bardy Region database, which contains life status, causes of 
death, as well as exemptions (proxy of incident diseases) [9, 
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11–13], and hospital admissions from visit 1 to September 
2012, and from visit 1 to December 2016, respectively. In 
both studies, survival was compared across surgery patients 
and no-surgery patients using Kaplan–Meier plots and Cox 
regression analyses.

In the Italian National Health System, development of 
chronic diseases (diabetes mellitus, liver and cardiovascular 
diseases, cancer, selected thyroid, renal, and lung diseases) 
yields the right to exemption from medical charges (exemp-
tions), which means life-long free prescriptions and exami-
nations for these diseases [12, 13]. Therefore, the awarding 
of exemptions can be appropriately considered “bona fide” 
new cases (incident cases) of chronic diseases.

Outcomes

Death rate among patients (surgery vs. no-surgery), as a 
function of mean age and of diabetes. Death rate among 
patients (above and below mean age), as a function of sur-
gery and of diabetes. Exemptions, a proxy of incident dis-
eases, among patients (surgery vs. no-surgery), as a function 
of mean age. Exemptions among patients (above and below 
mean age), as a function of surgery. Analysis of survival and 
that of other outcomes were carried out on an intention-to-
treat basis, irrespective of the time of LAGB removal, which 
occurred generally 5–6 years after its positioning, according 
to the current guidelines.

Statistical analysis

Data are shown as average values (± SD) for continuous 
variables or absolute numbers and frequencies for discrete 
variables. Continuous variables were compared with the 
Student’s t test. Frequencies were compared with the Fisher 
exact test. Surgery and no-surgery patients were matched 
(non-diabetic and diabetic patients separately). Matching 
was made for sex, age, systolic and diastolic blood pres-
sure, and body mass index. The proportion of dead patients 
was plotted through Kaplan–Meier curves, and differences 
in survival among subgroups were tested by the log-rank 
test. Since control patients had diagnosis of coronary heart 
disease (CHD) and of diabetes mellitus more frequently than 
surgery patients, all Kaplan–Meier curves were re-calculated 
also after a further group matching of surgery and control 
patients for presence of diabetes.

The first set of analysis was aimed at comparing death 
rates of surgery and no-surgery in the whole cohort of 
patients, and as a function of mean age and of diabetes mel-
litus. (The results are given in the text and in Figs. 1 and 2.) 
The second set of analysis was aimed at comparing death 
rates linked to mean age in the whole cohort of patients, and 

as a function of surgery and of diabetes mellitus. (The results 
are given in the text and in Figs. 3 and 4.)

A multivariable analysis of risk factors for mortality was 
performed (Cox proportional hazards model) and used to 
plot Kaplan–Meier curves for surgery versus no-surgery 
patients; age, mean age, presence of diabetes, female sex, 
systolic and diastolic blood pressure, estimated glomerular 
filtration rate (e-GFR), and presence of coronary heart dis-
ease (CHD) were entered a priori. Proportionality among the 
survival rates and attributable factors in the Cox model was 
assessed by plotting the log [− log (survival function)] ver-
sus time. Statistical analyses were performed with STATA 
12.0 for MacIntosh.

Fig. 1   Effect of surgery on mortality in the whole cohort. Years since 
visit 1. Patients at risk are indicated at each time interval. a Mortality 
in surgery and in no-surgery patients. b Mortality in surgery and in 
no-surgery patients below mean age (≤ 43 years). c Mortality in sur-
gery and in no-surgery patients above mean age (> 43 years)
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Power calculation and sample size

Being a retrospective study, power calculation and sample 
size were only calculated to understand whether the study 
was meaningful. Due to previous publications on long-
term prevention of mortality, demonstrating effectiveness 
in reducing mortality by approximately 50% in compari-
son with no-surgery subjects [4, 5], given a power = 80% 
and an alpha error 0.05, it was calculated that 500 surgery 
subjects with 30 fatal events and 1000 no-surgery sub-
jects with 90 fatal events would be required to detect sig-
nificant differences in the outcomes [14, 15]. Similarly, 
given the high efficacy of bariatric surgeries in the long-
term prevention of diabetes and of cancer [16–18], we 

estimated that the occurrence of 100 exemptions in 500 
bariatric surgery subjects and 300 exemptions in 1500 
subjects undergoing dietary and medical treatment would 
be necessary to detect significant differences in the out-
comes between the two groups [14, 15]. This manuscript 
was prepared following the guidelines of the STROBE 
statement [19].

Results

The clinical and metabolic data of patients of the two cohorts 
pooled together are summarized in Table 1. Minor differ-
ences were found, in particular a higher heart rate among 

Fig. 2   Effect of surgery on mortality according to mean age (43 
years) and to diabetes. a Mortality in non-diabetic surgery and no-
surgery patients. b Mortality in non-diabetic surgery and no-surgery 
patients below mean age (≤ 43 years). c Mortality in non-diabetic 
surgery and no-surgery patients above mean age (> 43 years). d Mor-

tality in diabetic surgery and no-surgery patients. e Mortality in dia-
betic surgery and no-surgery patients below mean age (≤ 43 years). f 
Mortality in diabetic surgery and no-surgery patients above mean age 
(> 43 years)
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surgery patients and a higher frequency of diabetes and of 
CHD among no-surgery patients. Table 1 also shows clini-
cal and metabolic data after further matching for diabetes. 
Table 2 summarizes clinical and metabolic data of patients 
of the two cohorts pooled together, divided according to 
mean age (> 43 years and < 43 years).

In agreement with previous studies [6–11], mortal-
ity was higher in no-surgery than in surgery patients 
(HR = 0.45, 95% CI 0.33–0.62, p = 0.001). Interestingly, 
the effect of surgery to reduce mortality was significant 
in patients above mean age (> 43 years, HR = 0.39, 95% 
CI 0.28–0.56, p = 0.001), while it was not significant in 
patients below mean age (≤ 43 years, HR = 0.87, 95% CI 

0.42–1.80, p = 0.711) (Fig. 1a–c). Also among non-diabetic 
patients, the protective effect of surgery against mortal-
ity was significant in patients above mean age (HR = 0.37, 
95% CI 0.23–0.62, p = 0.001), but not significant in patients 
below mean age (HR = 0.64, 95% CI 0.24–1.71, p = 0.371) 
(Fig. 2a–c). Among diabetic patients, the protective effect 
was significant, as for non-diabetic patients, above mean 
age (HR = 0.45, 95% CI 0.27–0.74, p = 0.002); in contrast, 
in patients below mean age, there was a nearly significant 
higher risk (HR = 2.87, 95% CI 0.96–8.56, p = 0.058), 
with a mortality higher in surgery than in no-surgery 
patients (Fig. 2d–f). In particular, in diabetic patients aged 
33–43 years, mortality was higher in surgery patients [(5/25) 
than in control patients (3/72), p = 0.029, HR = 4.99, 95% CI 
1.18–21.09, p = 0.029). This effect was not different for the 
two cohorts, i.e., for the different surgeries (data not shown), 
also because of the small number of deaths. The number of 
deaths below mean age was very small, for both surgical 
(n = 9) and no-surgery patients (n = 21, NS); for instance, 
deaths among diabetic patients were 4 versus 6, respectively 
(NS), and deaths among non-diabetic patients were 5 and 15, 
respectively (NS). Analysis of clinical and biochemical vari-
ables did not reveal any significant variable possibly related 
to the differences observed.

Mortality was higher in patients above mean age than in 
patients below mean age in the whole cohort (HR = 7.23, 
95% CI 5.14–10.17) (Fig. 3a). A similar effect was seen 
among no-surgery patients (HR = 8.55, 95% CI 5.77–12.68) 
(Fig. 3b), and a reduced effect, still significant, was seen in 
surgery patients (HR = 3.76, 95% CI 1.87–7.58) (Fig. 3c). 
A similar effect was seen among non-diabetic patients, 
with reduction in HR (from HR = 8.89, 95% CI 5.39–14.66, 
p = 0.001 to HR = 5.04, 95% CI 1.87–13.56, p = 0.001 
(Fig. 4a, b). In contrast, among diabetic patients the effect 
of mean age was significant in the absence of surgery 
(HR = 3.76, 95% CI 1.97–7.18, p = 0.001) and not significant 
in the presence of surgery (HR = 0.70, 95% CI 0.26–1.90, 
p = 0.488) (Fig. 4c, d).

Exemptions, a proxy of incident diseases, were less fre-
quent in surgery than in no-surgery patients, both below and 
above mean age (Table 2), except for cancer below mean 
age.

Exemptions were less frequent below than above mean 
age among surgery and no-surgery patients (Table 3).

Supplemental Table 2 reports risk factors for mortality 
in the first set of analysis (aimed at comparing death rates 
of surgery and no-surgery in the whole cohort of patients, 
as well as a function of diabetes) and in the second set of 
analysis (comparing death rates linked to mean age in the 
whole cohort of patients, and as a function of surgery and of 
diabetes mellitus). The data underline the interplay of age, 
surgery, sex, and diabetes.

Fig. 3   Effect of aging on mortality in the whole cohort. a Mortal-
ity in patients divided according to mean age (43 years). b Mortality 
in patients divided according to mean age in the absence of surgery 
(≤ 43 years). c Mortality in patients divided according to mean age in 
the presence of surgery (> 43 years)
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Discussion

Reduction in long-term mortality through bariatric sur-
gery is almost universally acknowledged, with a very few 
exceptions [20, 21], and this post hoc analysis confirms 
the results of previous studies performed with restrictive 
and with malabsorptive surgery [7–11]. Also, as previously 
suggested, the benefit of bariatric surgery against mortal-
ity is restricted to patients above mean age and of inter-
est the fact that in most studies the mean age was around 
42–44 years [9–11]. Below the mean age, we observed 
no effect in non-diabetic patients and a possibly negative 
effect in diabetic patients. One likely explanation for our 
and others’ findings is that below a given age mortality is 
too low to detect a possible improvement through bariat-
ric surgery. As a matter of fact, in the SOS study patients 
aged < 37 years were intentionally excluded because of the 
low mortality [22, 23].

We also evaluated the effect of age itself on mortality 
and the effect of bariatric surgery on age-related death. We 
found that age-related mortality is extremely significant in 
no-surgery patients and is reduced by surgery in the whole 
cohort as well as in non-diabetic patients; in contrast, in dia-
betic patients, age-related mortality was not significant, with 
a trend (albeit non significant) to worsening of mortality 

by bariatric surgery. Also for this analysis, the most likely 
explanation is that, below a given age, mortality is too low 
to make it possible to detect a possible improvement through 
bariatric surgery. As a matter of fact, supplemental Table 1A 
and supplemental Table 1B suggest that the most likely 
explanation is that aging is accompanied by worsening of 
health conditions, with a significant increase in risk factors 
for mortality.

From these data, the question of the best age to perform 
bariatric surgery, i.e., whether patients should undergo sur-
gery as soon as possible, or whether patients might undergo 
surgery later in their life, is only partially addressed.

It is tempting to hypothesize that (1) the benefit of bariat-
ric surgery is always present, but is significant only in older 
patients (likely at higher risk), or (2) the benefit of bariatric 
surgery exists only in older patients (likely at higher risk). 
Since mortality was similar (non-diabetic patients) or even 
greater (diabetic patients) with surgery that with medical 
treatment in patients below mean age (43 years), the benefit 
appears to be limited to older patients. Therefore, the con-
cept “the sooner the better” to perform bariatric surgery is 
not supported by the present analysis. On the contrary, our 
data suggest that bariatric surgery reduces mortality in aged 
(high-risk) patients, but is neutral or can increase mortality 
in younger (low-risk) patients.

Fig. 4   Effect of aging on mortality according to surgery and to diabe-
tes mellitus. a Mortality in non-diabetic patients divided according to 
mean age (43 years) in the absence of surgery. b Mortality in non-dia-
betic patients divided according to mean age (43 years) in the pres-

ence of surgery. c Mortality in diabetic patients divided according to 
mean age (43 years) in the absence of surgery. d Mortality in diabetic 
patients divided according to mean age (43 years) in the presence of 
surgery



329Acta Diabetologica (2020) 57:323–333	

1 3

Table 1   Patients in the study

All patients in the cohorts After matching for diabetes*

Surgery No-surgery p Surgery No-surgery p

Patients (M/W) 857 (211/646) 2086 (582/1504) NS* 857 (211/646) 1951 (447/1504) NS*
 No-DM 164/530 400/1174 164/530 400/1174
 DM 47/116 182/330 47/116 47/330 0.01*

Age (years) 42.6 ± 10.59 43.2 ± 12.45 NS 42.6 ± 10.59 42.4 ± 12.48 NS
 No-DM 39.7 ± 10.29 40.0 ± 12.51 39.7 ± 10.29 40.0 ± 12.51
 DM 48.5 ± 8.27 49.7 ± 9.65 48.5 ± 8.27 47.7 ± 7.67

BMI (kg/m2) 44.7 ± 7.22 44.1 ± 5.31 NS 44.7 ± 7.22 44.0 ± 5.35 NS
 No-DM 44.1 ± 7.08 43.9 ± 5.18 44.1 ± 7.08 43.9 ± 5.18
 DM 44.1 ± 7.31 45.5 ± 5.69 44.1 ± 7.31 44.5 ± 7.53

Systolic BP (mmHg) 134.7 ± 16.39 135.9 ± 17.69 NS 134.7 ± 16.39 135.3 ± 17.52 NS
 No-DM 133.6 ± 16.67 132.9 ± 15.94 133.6 ± 16.67 132.9 ± 15.94
 DM 139.7 ± 14.14 141.7 ± 19.37 139.7 ± 14.14 141.8 ± 19.78

Diastolic BP (mmHg) 82.4 ± 9.53 82.7 ± 9.19 NS 82.4 ± 9.53 82.3 ± 9.04 NS
 No-DM 82.0 ± 9.89 81.5 ± 8.48 82.0 ± 9.89 81.5 ± 8.48
 DM 84.1 ± 7.47 84.9 ± 10.07 84.1 ± 7.47 84.3 ± 10.11

Heart rate (bpm) 80.8 ± 11.86 72.3 ± 10.01 0.001 80.8 ± 11.86 71.7 ± 9.37 0.001
 No-DM 80.2 ± 19.31 71.3 ± 8.96 80.2 ± 19.31 71.3 ± 8.96
 DM 83.4 ± 11.79 77.4 ± 13.35 83.4 ± 11.79 75.8 ± 13.14

Arterial hypertension 179 392 NS* 179 351 NS*
 No-DM 50 149 50 149
 DM 129 243 129 163

On antihypertensive treatment 150 340 NS* 150 305 NS*
 No-DM 44 129 44 129
 DM 106 211 106 156

Blood glucose (mg/dl) 115.7 ± 49.06 119.7 ± 48.45 NS 115.7 ± 49.06 114.1 ± 43.61 NS
 No-DM 96.0 ± 13.05 95.9 ± 12.37 96.0 ± 13.05 95.9 ± 12.37
 DM 176.3 ± 66.51 175.2 ± 55.61 176.3 ± 66.51 171.3 ± 56.11

Hba1c (%) in diabetic patients 8.1 ± 1.3 7.9 ± 2.01 NS 8.1 ± 1.3 7.5 ± 1.89 NS
With diabetes 163 512 0.01* 163 377 NS*
Diabetes on treatment 46 185 NS* 46 120 NS*
E-GFR (ml/min/1.73 m2) 89.1 ± 20.48 88.7 ± 22.24 NS 89.1 ± 20.48 88.7 ± 21.87 NS
 No-DM 90.4 ± 20.87 89.2 ± 21.62 90.4 ± 20.87 89.2 ± 21.62
 DM 84.5 ± 18,33 87.2 ± 23.91 84.5 ± 18,33 86.6 ± 22.71

Total cholesterol (mg/dl) 206.9 ± 44.57 213.1 ± 62.97 NS 206.9 ± 44.57 213.5 ± 64.17 NS
 No-DM 205.4 ± 42.86 212.5 ± 66.94 205.4 ± 42.86 212.5 ± 66.94
 DM 213.5 ± 51.61 214.4 ± 50.87 213.5 ± 51.61 217.0 ± 53.17

HDL cholesterol (mg/dl) 49.4 ± 13.08 50.1 ± 13.54 NS 49.4 ± 13.08 50.5 ± 13.49 NS
 No-DM 49.6 ± 12.21 50.9 ± 13.71 49.6 ± 12.21 50.9 ± 13.71
 DM 48.8 ± 16.31 47.5 ± 12.41 48.8 ± 16.31 48.9 ± 12.41

LDL cholesterol (mg/dl) 135.3 ± 40.98 138.2 ± 61.80 NS 135.3 ± 40.98 138.8 ± 62.54 NS
 No-DM 134.2 ± 66.66 135.2 ± 39.56 134.2 ± 66.66 138.2 ± 66.55
 DM 136.1 ± 46.39 139.0 ± 45.22 136.1 ± 46.39 141.0 ± 44.57

Triglycerides (mg/dl) 143.6 ± 98.03 155.7 ± 135.99 NS 143.6 ± 98.03 155.7 ± 135.99 NS
 No-DM 143.7 ± 91.08 133.4 ± 71.71 143.7 ± 91.08 143.7 ± 91.08
 DM 192.9 ± 168.89 199.9 ± 206.42 192.9 ± 168.89 198.2 ± 228.63

AST (U/L) 24.0 ± 14.49 25.2 ± 14.66 NS 24.0 ± 14.49 25.9 ± 14.04 NS
 No-DM 22.7 ± 10.91 25.0 ± 13.01 22.7 ± 10.91 25.0 ± 13.01
 DM 28.9 ± 23.01 30.3 ± 19.31 28.9 ± 23.01 30.5 ± 18.06
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In agreement with previous studies [9, 24], exemptions, 
a proxy of incident diseases, were less frequent in surgery 
than in no-surgery patients, both below and above mean age 
(Table 2a), except for cancer below mean age. Exemptions 
were less frequent below than above mean age among no-sur-
gery patients, and the differences were reduced among surgery 
patients (Table 2b). This suggests that bariatric surgery pre-
vents incident diseases more than medical treatment; also, the 
effect of age on incident diseases is reduced by surgery, with 
no apparent differences between younger and older patients.

The study has limitations/weaknesses and strengths in 
common with other retrospective studies. Potential weak-
nesses are: (1) lack of randomization, even though obese 
patients were from the same cohort, the reason being that in 
fact, at the beginning of the study, randomization was deemed 
unethical; (2) most of the information about increased mor-
tality comes from diabetic patients, where low number of 
deaths which were 4 versus 6, respectively, and among non-
diabetic patients were 5 and 15, respectively, i.e., rather small 
absolute numbers; (3) if we do not consider these deaths, 
which might seem random event because of the low numer-
osity, possibly unrelated to surgery or no-surgery, the fact 
remains that in younger patients there was no beneficial 
effect of bariatric surgery; (4) treatments received by control 
patients could not be fully established, even though, through 
registries of surgeons and the Regional Lombardy Admin-
istrative Database, it was possible to ascertain that these 
patients had no bariatric surgery procedures; (5) even though 
diabetic patients were in slight excess among no-surgery than 
surgery patients, the comparisons were made in diabetic and 
non-diabetic patients separately; on the strength side, (6) 
HRs were almost identical after matching surgery and con-
trol patients for diabetes and this is in line with the finding 
that patients died much more frequently of cancer (which is 

significantly associated with obesity) than of cardiovascu-
lar diseases (143 vs. 78) [9, 11]; (7) another strength of this 
study is that it was unbiased, since physicians assigning the 
diseases exemptions were hundreds and were unaware of the 
future performance of this retrospective analysis.

The American Diabetes Association suggests that “meta-
bolic surgery should be recommended as an option to treat 
type 2 diabetes in appropriate surgical candidates with 
BMI > 40 kg/m2 (BMI > 37.5 in Asian Americas), regardless 
of the level of glycemic control or complexity of glucose-
lowering regimens, and in adults with BMI 35–39.9 kg/m2 
(32.5–37.4 in Asian Americans) when hyperglycemia in 
inadequately controlled despite lifestyle and optimal medical 
therapy (degree of scientific evidence: A) [25]. Further ADA 
suggests that “Metabolic surgery should be considered as an 
option for adults with type 2 diabetes and BMI 30-34.9 kg/
m2 (27.5–32.4 kg/m2 in Asian Americans) if hyperglycemia 
in inadequately controlled despite optimal medical control 
by either oral or injectable medications (including insu-
lin) (degree of scientific evidence: B) [25]. Other studies 
have also cautioned on the importance of stringent criteria 
to perform bariatric surgeries [26, 27]. We would like to 
emphasize that the importance of age-connected reduction 
in mortality through bariatric surgery seems to persist even 
after very long follow-ups, suggesting that this difference is 
not limited to short follow-ups [28].

We suggest that, based on the present data, which also 
could be confirmed by larger future multicenter studies, age 
should also be taken into consideration as an important fac-
tor, in the decision whether or not perform bariatric surgery, 
because of an apparent lack of benefit of bariatric surgery in 
non-diabetic patients younger than 43 years or even poten-
tial harm in performing bariatric surgery in diabetic patients 
younger than 43 years of age.

On the left all patients in the cohorts are considered; on the right after group matching for diabetes
Mean ± SD or absolute frequencies
*Surgery and no-surgery patients were matched for age, sex, BMI, and blood pressure
BMI  body mass index, BG blood glucose, HbA1c glycated hemoglobin, e-GFR estimated glomerular filtration rate (ml/min/1.73 m2), AST aspar-
tate transaminase, ALT alanine transaminase, CHD coronary heart disease
*χ2 test

Table 1   (continued)

All patients in the cohorts After matching for diabetes*

Surgery No-surgery p Surgery No-surgery p

ALT (U/L) 33.4 ± 23.89 35.5 ± 25.55 NS 33.4 ± 23.89 34.0 ± 24.35 NS
 No-DM 31.9 ± 22.19 33.8 ± 22.38 31.9 ± 22.19 33.8 ± 22.38
 DM 39.7 ± 28.66 41.7 ± 34.85 39.7 ± 28.66 41.7 ± 32.35

CHD 19 85 0.04* 19 69 NS*
 No-DM 12 51 0.04* 12 51 0.04*
 DM 7 34 NS 7 18 NS

Diabetic retinopathy 2 24 NS* 2 19 NS*
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Table 2   Patients in the study divided for mean age, for surgery, and for absence (No-DM) or presence (DM) of diabetes

Mean ± SD or absolute frequencies
BMI body mass index, BG blood glucose, HbA1c glycated hemoglobin, e-GFR estimated glomerular filtration rate (ml/min/1.73 m2), AST aspar-
tate transaminase, ALT alanine transaminase, CHD coronary heart disease
*χ2 test

Below mean age Above mean age

Surgery No-surgery p Surgery No-surgery p

Patients (M/W) 430 (115/315) (no-DM 
104/296)

1032 (319/713) (no-
DM 272/640)

NS * 427 (96/331) (no-DM 
60/234)

1054 (263/791) (no-DM 
128/553)

NS *

Age (years) 32.6 ± 5.77 32.3 ± 6.78 NS 52.1 ± 6.16 53.8 ± 5.66 NS
 No-DM 31.8 ± 6.76 32.3 ± 5.75 50.7 ± 6.02 53.6 ± 5.77
 DM 36.7 ± 4.54 35.6 ± 5.98 53.1 ± 6.32 54.1 ± 5.45

BMI (kg/m2) 44.4 ± 6.85 44.3 ± 5.10 NS 44.9 ± 7.58 43.8 ± 5.41 NS
 No-DM 43.4 ± 6.56 42.8 ± 5.98 44.1 ± 6.43 43.1 ± 6.16
 DM 50.8 ± 7.61 49.3 ± 8.18 49.1 ± 8.01 48.3 ± 8.32

Systolic BP (mmHg) 132.8 ± 16.19 130.0 ± 14.60 0.03 136.9 ± 16.38 139.8 ± 18.46 NS
 No-DM 132.1 ± 16.39 129.3 ± 14.08 0.04 135.7 ± 16.87 136.7 ± 16.88
 DM 138.7 ± 12.96 134.0 ± 16.75 140.1 ± 14.66 143.4 ± 19.52

Diastolic BP (mmHg) 81.7 ± 9.93 81.6 ± 8.49 NS 83.2 ± 9.04 83.4 ± 9.57 NS
 No-DM 81.4 ± 10.02 81.1 ± 8.11 82.8 ± 9.71 81.9 ± 8.85
 DM 83.7 ± 8.87 84.4 ± 9.96 84.2 ± 6.96 84.9 ± 10.11

Heart rate (bpm) 81.7 ± 12.41 71.4 ± 9.59 0.001 79.9 ± 11.18 72.9 ± 10.34 0.01
 No-DM 81.2 ± 12.53 70.3 ± 8.49 0.001 78.7 ± 10.57 72.1 ± 9.42 0.01
 DM 85.8 ± 10.67 73.4 ± 10.91 82.6 ± 12.16 75.7 ± 12.89

Arterial hypertension 50 (no-DM 40) 120 (no-DM 96) NS 129 (no-DM 77) 272 (no-DM 163) NS*
On antihypertensive treatment 27 (no-DM 22) 80 (no-DM 64) NS 125 (no-DM 72) 260 (no-DM 158) NS*
Blood glucose (mg/dl) 102.2 ± 36.88 102.6 ± 33.87 NS 128.3 ± 55.27 134.5 ± 54.01 NS
 No-DM 93.9 ± 12.21 93.1 ± 11.73 98.8 ± 13.66 99.6 ± 12.22
 DM 179.2 ± 78.80 155.3 ± 59.41 175.6 ± 65.59 181.3 ± 52.99

Hba1c (%, DM patients) 8.0 ± 2.89 7.5 ± 1.72 0.002 8.2 ± 1.98 8.2 ± 1.97 NS
With diabetes 30 120 0.008 133 392 0.04*
Diabetes on treatment 15 62 NS 31 123 NS
E-GFR (ml/min/1.73 m2) 93.9 ± 18.93 95.5 ± 21.38 NS 84.4 ± 20.88 82.5 ± 21.20 NS
 No-DM 94.4 ± 18.85 95.5 ± 21.06 84.8 ± 22.22 81.1 ± 19.53 0.03
 DM 88.3 ± 19.11 94.8 ± 23.54 83.5 ± 18.06 84.8 ± 23.57

Total cholesterol (mg/dl) 196.3 ± 39.19 204.8 ± 43.11 0.02 217.5 ± 47.17 220.4 ± 75.91 NS
 No-DM 195.5 ± 38.26 203.6 ± 39.42 0.02 218.4 ± 45.19 223.8 ± 89.39
 DM 206.8 ± 50.82 212.2 ± 60.53 215.1 ± 52.17 215.2 ± 47.33

HDL cholesterol (mg/dl) 47.3 ± 10.45 49.1 ± 14.20 NS 51.6 14.99 51.1 12.68 NS
 No-DM 47.6 ± 10.71 49.5 ± 14.22 52.1 ± 13.54 52.8 ± 12.71
 DM 43.9 ± 6.68 46.2 ± 6.68 50.2 ± 18.06 48.0 ± 17.05

LDL cholesterol (mg/dl) 126.8 ± 35.32 130.5 ± 38.43 NS 144.6 ± 44.66 145.7 ± 76.28 NS
 No-DM 128.9 ± 34.65 129.9 ± 37.63 144.3 ± 44.53 148.7 ± 90.02
 DM 105.2 ± 36.33 133.8 ± 43.03 0.03 145.1 ± 45.74 140.8 ± 45.86

Triglycerides (mg/dl) 138.3 ± 110.43 156.4 ± 167.84 NS 149.1 ± 83.25 161.4 ± 96.36 NS
 No-DM 127.5 ± 61.71 143.5 ± 99.35 0.05 141.4 ± 76.21 143.9 ± 79.32
 DM 278.0 ± 106.19 236.2 ± 99.71 169.4 ± 97.51 188.3 ± 112.87

AST (U/L) 23.1 ± 12.50 26.6 ± 16.18 0.001 24.8 ± 16.22 25.9 ± 12.86 NS
 No-DM 22.4 ± 10.82 25.3 ± 14.61 0.001 23.0 ± 11.04 24.7 ± 10.59
 DM 35.8 ± 4.54 36.7 ± 4.44 28.6 ± 23.29 29.1 ± 16.99

ALT (U/L) 34.4 ± 25.54 38.3 ± 28.49 0.04 32.4 ± 22.08 32.6 ± 21.67 NS
 No-DM 33.1 ± 23.93 36.6 ± 20.04 29.9 ± 19.50 30.1 ± 15.73
 DM 47.4 ± 35.51 51.1 ± 40.64 37.4 ± 26.11 39.0 ± 31.39

CHD 3 (no-DM 2) 14 (no-DM 9) NS
NS

16 (no-DM 10) 71 (no-DM 42) 0.03* NS

Diabetic retinopathy 0 7 NS 2 17 NS*
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Conclusion

While confirming that bariatric surgery reduces long-term 
mortality in comparison with medical and dietary treatment 
of obesity, this post hoc analysis indicates that surgery 
reduces mortality in older (> 43 years old) (likely at high-
risk) patients, but has no effect, or it can increase mortality 
in younger (likely at low-risk) patients. In contrast, reduction 
in morbidity after bariatric surgery occurs at any age. These 
results, to be confirmed, require larger studies with longer 
follow-up periods.
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