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Abstract
Background Metformin, a medication for type 2 diabetes, has been linked to many non-diabetes health benefits 
including increasing healthy lifespan. Previous work has only examined the benefits of metformin over periods of less 
than ten years, which may not be long enough to capture the true effect of this medication on longevity.

Methods We searched medical records for Wales, UK, using the Secure Anonymised Information Linkage dataset for 
type 2 diabetes patients treated with metformin (N = 129,140) and sulphonylurea (N = 68,563). Non-diabetic controls 
were matched on sex, age, smoking, and history of cancer and cardiovascular disease. Survival analysis was performed 
to examine survival time after first treatment, using a range of simulated study periods.

Findings Using the full twenty-year period, we found that type 2 diabetes patients treated with metformin had 
shorter survival time than matched controls, as did sulphonylurea patients. Metformin patients had better survival 
than sulphonylurea patients, controlling for age. Within the first three years, metformin therapy showed a benefit over 
matched controls, but this reversed after five years of treatment.

Interpretation While metformin does appear to confer benefits to longevity in the short term, these initial benefits 
are outweighed by the effects of type 2 diabetes when patients are observed over a period of up to twenty years. 
Longer study periods are therefore recommended for studying longevity and healthy lifespan.

Evidence before this study Work examining the non-diabetes outcomes of metformin therapy has suggested that 
there metformin has a beneficial effect on longevity and healthy lifespan. Both clinical trials and observational studies 
broadly support this hypothesis, but tend to be limited in the length of time over which they can study patients or 
participants.

Added value of this study By using medical records we are able to study individuals with Type 2 diabetes over a 
period of two decades. We are also able to account for the effects of cancer, cardiovascular disease, hypertension, 
deprivation, and smoking on longevity and survival time following treatment.

Implications of all the available evidence We confirm that there is an initial benefit to longevity of metformin 
therapy, but this benefit does not outweigh the negative effect on longevity of diabetes. Therefore, we suggest that 
longer study periods are required for inference to be made about longevity in future research.
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Introduction
Metformin is a first-line medication used for the treat-
ment of Type II diabetes (T2D) [1]. In addition to its 
primary purpose in diabetes treatment, metformin has 
been heavily associated with benefits to both total lifes-
pan, and healthy lifespan [2, 3]. Interventional and obser-
vational research has suggested benefits for cognitive 
decline [4, 5], reduced rates of cancer [6–8], reduced 
incidence of diabetes in individuals with elevated blood 
glucose levels [9], and reduced cardiovascular risk fac-
tors [10–12], among others. Metformin is also prescribed 
for some other conditions such as polycystic ovary syn-
drome, where it has been demonstrated to aid in fertility 
treatments [4]. The associated benefits of metformin are 
particularly evident when it is compared to other treat-
ments, such as sulphonylurea therapy or thiazolidinedio-
nes, which has not been shown to have the same benefits 
[13, 14].

However, observational studies of metformin and lon-
gevity rarely examine individuals for periods longer than 
a few years. For example, Bannister et al. [14] observed 
a benefit to longevity for individuals treated with met-
formin over a five-year period, as did Cheng et al. [13]. 
Landman et al. [15] found reduced cancer mortality in 
metformin-treated participants followed-up after 9·6 
years, which was sufficient for cancer mortality, but may 
not be long enough for all-cause mortality interpreta-
tion. However, Tinetti et al. [16] followed individuals for 
between four and six years, and did not find a benefit to 
longevity of metformin treatment. The UK Prospective 
Diabetes Study (UKPDS) [17] has been used to study 
long-term effects (greater than twenty years) of longev-
ity related to diabetes therapies and has been used to 
find a benefit of metformin for diabetes-related mortality 
causes [18]. However, this cohort only contained individ-
uals either with diabetes or at high-risk, so is not infor-
mative about longevity relative to the general population.

Evidence from animal studies has been largely positive 
in suggesting a benefit of metformin [19–22], but by the 
nature of this research it is limited in the timespan avail-
able for study. Although, even here, evidence appears to 
be species-dependent with Drosophila showing reduced 
lifespan when supplemented with metformin [23, 24], 
and no effect on longevity in rats [25].

As longevity effects only become clear over whole lifes-
pans, longer study periods are more powerful to detect 
real effects. Whereas cohort studies need to acquire 
participants through recruitment or surveying, use of 
archived medical records permits access to a far greater 
participant pool for a lower time and cost investment. 
Hence, it is possible to examine the course of a person’s 

life from treatment time until death, and thereby get a 
more representative account of their longevity.

Our primary aim was to study longevity in diabetes 
patients treated with metformin therapy over a period 
of two decades. As there is some evidence that late-life 
diabetes can be protective against neurodegenerative dis-
orders [26] (as is higher body-mass index [27] which is 
associated with T2D), as a secondary aim, we examined 
survival times for individuals treated with metformin and 
sulphonylurea therapy who were elderly (over 70) at the 
time of first diabetes treatment.

For this we used the Secure Anonymised Informa-
tion Linkage (SAIL) database, an archive of medical 
and demographic records for the Welsh population in 
the UK. We extracted information for all T2D patients 
treated with metformin and sulphonylurea therapy and, 
using a matched controls design, analysed survival time 
following first treatment.

Methods
Datasets and data extraction
The SAIL database is a virtual platform that provides 
secure anonymised linkage between medical datas-
ets using anonymised identification codes. All records 
in SAIL are from the population of Wales, UK. For this 
research we used the Welsh Longitudinal General Prac-
titioner (WLGP) and Welsh Demographic Services 
(WDSD) datasets. The WLGP dataset contains records 
from primary care physicians, including symptoms, 
diagnoses, medication prescriptions, and referrals. The 
WDSD dataset contains demographic records includ-
ing date of birth (DOB), date of death (DOD), sex, and 
address (Welsh or non-Welsh).

To extract T2D patients, we used NHS Read codes 
(CV2, CV3) to identify all individuals with an active diag-
nosis of T2D between January 1st 1999 and December 
31st 2018, a period of twenty years. To be considered an 
active diagnosis, individuals had to have been prescribed 
diabetes medication on at least two instances a mini-
mum of 180 days apart. For medications, we extracted 
prescriptions of metformin, sulphonylurea, and thiazoli-
dinedione and matched these to T2D patients. Potential 
controls were all individuals who were not diagnosed 
with any form of diabetes. We also extracted information 
from WLGP for all individuals on smoking status, can-
cer, cardiovascular disease including heart failure (CVD), 
hypertensive disease, and deprivation index (Welsh Index 
of Multiple Deprivation [28]) to account for these factors 
in our analyses.
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Analysis
Survival analysis was performed using an accelerated fail-
ure time model (AFT) using a log-logistic distribution, as 
the data failed the proportional hazards assumption (as 
hazard was not constant over time with different predic-
tor and covariate levels) required for a Cox regression. 
This was performed using the “eha” package in R [29]. All 
models were adjusted for age at first treatment.

In “cases” survival time was calculated as the number 
of days from start of therapy until death or censorship, 
minus 180 days. This value was used as it represents 
approximately six months of treatment, which should be 
sufficient to allow the effect of the medication to begin 
[14]. Patients in both treatment groups (metformin 
and sulphonylurea) were matched one-to-one to non-
diabetic controls using sex, date of birth (± 1 year), his-
tory of cancer, history of CVD, hypertension (excluding 
hypertension related to pregnancy), deprivation index, 
and smoking status. The scripts used to match these indi-
viduals were adapted from work published by the UK 
National Health Service (NHS) R Community [30].

For controls, survival time was started from the date 
of first therapy of their matched case, minus 180 days. 
Censorship occurred for individuals who were not listed 
as dead by December 31st 2018. We also extended the 
analysis by truncating our data to a variable number of 
years following first therapy and assigning censorship at 
that amount of time following the start date, to simulate 
shorter study periods.

Survival time ratios (STR) were calculated as the expo-
nent of the beta coefficient from the survival model. 
Log-rank tests were used to assess differences between 
groups.

To address a possibility of a positive survival advantage 
of controls who never develop diabetes, we ran a Cox-
regression in the whole population at the beginning of 
the study (1999). We examined survival rate comparing 
T2D people on metformin (coded as 1) and people who 
did not have T2D in 1999 but might have diabetes later in 
life (coded as 0), adjusting for age in 1999, sex, smoking 
status, cancer, CVD, hypertensive disease and depriva-
tion index. People who had T2D who were treated with 
sulphonylurea were excluded from the control group. A 
separate model was run for T2D people on sulphonyl-
urea, excluding individuals treated with metformin. Haz-
ard Ratios were calculated as the exponent of the beta 
coefficient from the Cox-regression model.

Results
We extracted 129,140 T2D patients treated with metfor-
min and 68,108 T2D patients treated with sulphonylurea. 
We also extracted 1,274 T2D patients treated with thia-
zolidinedione, however there were not enough individu-
als per year to obtain adequate power for further analysis 

so these were dropped. An overview of included individ-
uals is shown in Table 1. There was no difference in sex 
balance between these two treatment groups (p = 0·705), 
or smoking rate (p = 0·085). However, sulphonylurea ther-
apy patients were older than metformin patients at first 
treatment, (p < 1 × 10− 50).

Within sulphonylurea therapy patients, 55·8% 
(N = 38,026) had been treated with metformin. Con-
versely, only 11·1% (N = 14,357) of metformin therapy 
patients had been treated with sulphonylurea. We exam-
ined whether there were overlaps in the prescription of 
these medications, and found that 94·0% of patients with 
prescription history of both treatments had an overlap 
between treatments. This is in line with NHS guidance 
[31], which recommends maintenance of the primary 
T2D treatment alongside additional treatments. Indeed, 
the median duration of treatment overlap was 7·63 years 
[IQR = 7.40].

To ensure that individuals in our dataset were regular 
users of each medication, we looked at the frequency 
of medication events (i.e., prescriptions) for each indi-
vidual. Frequency of prescription was highly correlated 
with time since first prescription in metformin (Pearson’s 
r = 0·740, p < 1 × 10− 99) and in sulphonylurea (Pearson’s 
r = 0·759, p < 1 × 10− 99). The median ratio of days since 
first prescription to frequency of prescription was 30·1 

Table 1 Demographic overview of metformin and 
sulphonylurea therapy T2D patients

Metformin patients Sulphonylurea 
patients

N individuals 129,140 68,108

% males / % females 56·1 / 43·9 56·3 / 43·7

Age at first treatment 
(SD)

59·0 (12·8) 61·1 (12.5)

Cancer 18·7% 21·2%

Cardiovascular disease 87·2% 88·7%

Smokes 51·4% 51·6%

Hypertensive disease 65·0% 67·2%

Table 2 Survival model results per simulated study period 
length, for diabetes therapy patients versus matched controls

Metformin patients Sulphonylurea 
patients

Truncated length STR log-rank p STR log-rank p

1 year 1·237 1·06 × 10− 10 0·991 0·868

2 years 1·098 2.57 × 10− 5 0·927 0·008

3 years 1·014 0·435 0·886 3·33 × 10− 8

4 years 0·972 0·049 0·875 2·02 × 10− 13

5 years 0·943 3·78 × 10− 6 0·862 < 1 × 10− 50

6 years 0·913 1·44 × 10− 15 0·844 < 1 × 10− 50

7 years 0·894 < 1 × 10− 50 0·827 < 1 × 10− 50

8 years 0·879 < 1 × 10− 50 0·815 < 1 × 10− 50

··· ··· ··· ··· ···

20 years 0·821 < 1 × 10− 50 0·778 < 1 × 10− 50
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for metformin and 28.5 for sulphonylurea. This repre-
sents approximately one prescription per month in both 
cases, confirming that we have indeed captured regular 
medication users.

Adjusting for age difference, sulphonylurea therapy 
patients were more likely to have had cancer (OR = 1·011, 
p = 2·16 × 10− 10) at any point, more likely to have had 
CVD at any point (OR = 1·006, p = 3·02 × 10− 5), and more 
likely to be hypertensive (OR = 1·008, p = 1.78 × 10− 4) than 
metformin therapy patients.

When we excluded individuals who had cancer or CVD 
prior to first treatment for T2D diabetes (N = 15,488, 
N = 144,615, for cancer and CVD, respectively), patients 
treated with sulphonylurea were still more likely to 
have had cancer than patients treated with metformin 
(OR = 1·12, p = 1·53 × 10− 14), accounting for age. Sulpho-
nylurea therapy patients were also more likely to experi-
ence CVD following treatment than metformin patients 
(OR = 1·17, p = 2·94 × 10− 17), accounting for age.

We found that both metformin therapy patients and 
sulphonylurea therapy patients had shorter survival times 
than non-diabetic controls, STR = 0·819 (p < 1 × 10− 50) 
and STR = 0·778 (p < 1 × 10− 50), respectively. When we 
excluded sulphonylurea therapy patients who were also 
being treated with metformin, the remaining patients 
had even shorter survival times than non-diabetic con-
trols, STR = 0·693 (p < 1 × 10− 50), which was significantly 
lower than the whole sulphonylurea group (p < 0.05). 
For completeness, we also looked at just those sulpho-
nylurea therapy patients who were also being treated 
with metformin. Compared to non-diabetic controls, 
these individuals still had shorter survival, STR = 0·799 
(p < 1 × 10− 50), but this STR was greater than that found 
using whole sulphonylurea group (p < 0.05). These results 
were still significantly different to the metformin vs. con-
trols model (p < 0.05).

Similar observations for diabetes treatments were 
obtained when we ran a Cox regression including all liv-
ing people with/without diabetes in year 1999 for met-
formin (hazard ratio HR = 1·69, p = 6·72 × 10− 23) and 
sulphonylurea (HR = 1·59, p = 2·92 × 10− 29). Note that a 
higher hazard ratio indicates greater likelihood of death, 
equivalent to a lower STR. However, as this is a Cox 
regression rather than an accelerated failure time (AFT) 
model, direct comparison between the strength of effects 
cannot be made.

Examining survival times for individuals who were 
elderly (over 70) at the time of first diabetes treat-
ment, metformin patients still had lower survival 
time than non-diabetic matched controls, STR = 0·915 
(p = 1·11 × 10− 16), as did sulphonylurea therapy patients, 
STR = 0·858 (p < 1 × 10− 50).

As our data covered a period of twenty years, we were 
able to investigate survival times for shorter periods. The 

results revealed that T2D patients treated with metformin 
had significantly greater survival times than non-diabetic 
controls in the first year (STR = 1·237, p = 1·06 × 10− 10). 
However, this became non-significant after three years, 
and reversed after four years (STR = 0·972, p = 0·049), 
with survival time ratio decreasing further with longer 
study periods. Sulphonylurea patients had shorter sur-
vival times than non-diabetic controls at all study peri-
ods, but this difference was only significant for periods 
of two years (STR = 0·927, p = 0·008) or longer. The results 
of these survival models for both therapy treatments are 
shown in Table 2 for one to eight years, and for the full 
twenty year period. Between eight and twenty years STR 
decreased for both metformin and sulphonylurea com-
parisons, and so are not presented for simplicity.

Discussion
We examined longevity in T2D patients treated with 
metformin therapy and compared them to matched 
controls and T2D patients treated with sulphonylurea 
therapy. Using archival medical records from the SAIL 
databank provided us with a larger participant pool and 
longer study period than is available from most obser-
vational methods. Metformin therapy patients also had 
better survival than sulphonylurea therapy patients for all 
investigated study periods following treatment start.

Looking at individuals over a period of up to twenty 
years we showed that T2D patients had shorter survival 
times after first treatment than matched controls. When 
the study period was artificially truncated, we found a 
statistically significant benefit of metformin therapy for 
longevity over matched non-diabetic controls within the 
first three years. However, this benefit disappeared when 
we looked over longer periods of time (after five years). 
This suggests that benefits of metformin may be short-
term only and/or the longer-term benefits of metformin 
are negated by the life-shortening effects of T2D and 
associated comorbidities. An alternative explanation is 
that T2D patients experience better short-term survival 
outcomes following treatment due to lifestyle adjustment 
(as recommended by doctors) [32]. However, we did not 
see a benefit to longevity in the short-term for sulphonyl-
urea therapy patients who would presumably be moti-
vated to improve their lifestyle in the same way.

Metformin has been linked to lower mortality due to 
cancer [15], and to reduced CVD risk [10–12]. Compared 
to the sulphonylurea therapy group, we did see signifi-
cantly lower lifetime prevalence of cancer, and lower rates 
of cardiovascular disease. Excluding individuals with his-
tory of cancer and CVD prior to first treatment, these 
differences were even larger. This finding is supportive of 
the protective effects of metformin for cancer and CVD 
compared to other diabetes treatments. However, as we 
used non-diabetic controls who were matched on cancer 
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and CVD status to the diabetic cases, we are unable to 
distinguish if there is a benefit of this treatment.

A limitation of this study is that metformin is a main-
line medication that is commonly prescribed as a first 
treatment for T2D1, whereas sulphonylurea therapy is 
less commonly prescribed [33]. As a result, there may 
be systematic differences between these groups that are 
not detected from cancer, CVD, and smoking rates. We 
did see a difference in age, with sulphonylurea therapy 
patients being older than metformin therapy patients. 
Furthermore, 55·5% of sulphonylurea therapy patients 
had been treated with metformin, whereas only 11·1% 
of metformin therapy patients had been treated with 
sulphonylurea.

Further examination showed that the vast majority of 
individuals with a history of both medications in fact 
had an overlap between these treatments. As we discuss 
above, NHS guidance is for the maintenance of the pri-
mary treatment in addition to further treatments. While 
this large overlap is representative of the reality of T2D 
treatment, which is highly dependent on individual 
response, this may cause longevity differences between 
treatments to reflect differences in disease severity, 
comorbidities, or diabetes response rather than effects of 
the medications themselves. Excluding patients who were 
treated with metformin concurrently with sulphonylurea 
worsened the survival time ratio (STR) for sulphonylurea, 
and only looking at patients on both therapies improved 
the STR. As the median time difference between start-
ing metformin and starting sulphonylurea was more than 
seven years, this suggests that metformin remains benefi-
cial for survival with long-term usage, although even with 
multiple medications it cannot overcome the deleterious 
effects of T2D on longevity.

Two important factors in T2D are body-mass index 
(BMI) and the haemoglobin A1c (HbA1c) test. While 
these data are available for some individuals in the SAIL 
databank, they are not found universally. For example, 
BMI is only available for approximately 15% of individu-
als at any timepoint, and is not necessarily available for 
the start of our study period. Although HbA1c is more 
widely available for individuals with diabetes than BMI, 
there are very few non-diabetic controls with this infor-
mation. As these are variables that change over time it is 
not possible to include them in a survival analysis, even 
if they were more widely available. Consequently, we did 
not account for the effects of BMI and HbA1c.

In conclusion, previous work using periods less than 
ten years have shown either positive effects of metformin 
on T2D survival time [13, 14], or non-significant effects 
[16]. By using medical records which cover a period 
of two decades, we have greater power and can exam-
ine the effects of diabetes treatment in the long-term. 
Our research suggests that any short-term benefits of 

metformin are outweighed by the negative effects of T2D 
over long periods of time, although we replicated that 
there may be a benefit of metformin over sulphonylurea 
therapy. We demonstrate that for examining longevity, 
archival medical records should be employed wherever 
possible to study the effects of medication in the long 
term.

Acknowledgements
We thank the UK Dementia Research Institute, MRC, EU Joint Programme 
for Neurodegenerative Disease (JPND), Alzheimer’s UK, and the Alzheimer’s 
Society.

Authors’ contributions
All authors contributed equally to conceptualisation, data interpretation, 
writing, and editing.  Underlying data access was arranged by VEP, and data 
extraction and analysis were performed by JS, data and results verification 
were performed by JS and GL.  All authors have full access to all the data in the 
study and accept responsibility to submit for publication.

Funding
This work was largely funded by the UK DRI, which receives its funding 
from the DRI Ltd, funded by the UK Medical Research Council (UKDRI-3003), 
Alzheimer’s Society and ARUK. JS is supported by Joint Programming for 
Neurodegeneration (JPND) - (MRC: MR/T04604X/1), GL is supported by the UK 
DRI (MRC UKDRI-3003).

Data Availability
The datasets supporting the conclusion of this research are accessible via the 
SAIL platform. Application to view and use this data must be approved by the 
Information Governance Review Panel (IGRP). For more information see the 
SAIL guidelines at https://saildatabank.com/data/. No new data were created 
as part of this study.

Declarations

Ethics approval and consent to participate
Ethical approval to perform this work was provided by the Information 
Governance Review Panel (IGRP) of SAIL. All data contained in SAIL has the 
permission from the relevant Caldicott Guardian or Data Protection Officer. 
All method were carried out in accordance with the relevant guidelines and 
regulations.

Consent for publication
As no identifiable information is present in the manuscript, consent for 
publication is not applicable.

Competing interests
The authors declare no competing interests.

Author details
1MRC Centre for Neuropsychiatric Medicine and Clinical Neuroscience, 
Cardiff University, Hadyn Ellis Building, Maindy Road, Cardiff CF24 4HQ, UK
2Dementia Research Institute, Cardiff University, Cardiff, UK

Received: 21 November 2022 / Accepted: 26 April 2023

References
1. Bailey CJ, Turner RC. Metformin. N Engl J Med. 1996;334(9):574–579. https://

doi.org/10.1056/NEJM199602293340906
2. Romero R, Erez O, Hüttemann M, et al. Metformin, the aspirin of the 21st 

century: its role in gestational diabetes mellitus, prevention of preeclamp-
sia and cancer, and the promotion of longevity. Am J Obstet Gynecol. 
2017;217(3):282–302. https://doi.org/10.1016/j.ajog.2017.06.003

https://saildatabank.com/data/
http://dx.doi.org/10.1056/NEJM199602293340906
http://dx.doi.org/10.1056/NEJM199602293340906
http://dx.doi.org/10.1016/j.ajog.2017.06.003


Page 6 of 6Stevenson-Hoare et al. BMC Public Health          (2023) 23:804 

3. López-Otín C, Galluzzi L, Freije JMP, Madeo F, Kroemer G. Metabolic control of 
longevity. Cell. 2016;166(4):802–821. https://doi.org/10.1016/j.cell.2016.07.031

4. Guo M, Mi J, Jiang QM, et al. Metformin may produce antidepressant effects 
through improvement of cognitive function among depressed patients with 
diabetes mellitus. Clin Exp Pharmacol Physiol. 2014;41(9):650–656. https://
doi.org/10.1111/1440-1681.12265

5. Ng TP, Feng L, Yap KB, Lee TS, Tan CH, Winblad B. Long-term metformin usage 
and cognitive function among older adults with diabetes. J Alzheimers Dis. 
2014;41(1):61–68. https://doi.org/10.3233/JAD-131901

6. Libby G, Donnelly LA, Donnan PT, Alessi DR, Morris AD, Evans JMM. New 
users of Metformin are at low risk of Incident Cancer: a cohort study among 
people with type 2 diabetes. Diabetes Care. 2009;32(9):1620–1625. https://
doi.org/10.2337/dc08-2175

7. Lee MS, Hsu CC, Wahlqvist ML, Tsai HN, Chang YH, Huang YC. Type 2 diabetes 
increases and metformin reduces total, colorectal, liver and pancreatic 
cancer incidences in Taiwanese: a representative population prospective 
cohort study of 800,000 individuals. BMC Cancer. 2011;11(1):20. https://doi.
org/10.1186/1471-2407-11-20

8. Monami M, Colombi C, Balzi D, et al. Metformin and Cancer occurrence in 
insulin-treated type 2 Diabetic patients. Diabetes Care. 2010;34(1):129–131. 
https://doi.org/10.2337/dc10-1287

9. Knowler W, Barrett-Connor E, Fowler S, et al. Reduction in the incidence of 
type 2 diabetes with lifestyle intervention or metformin. Dep Med Fac Pap. 
2002;346(6):393–403.

10. Goldberg R, Temprosa M, Otvos J, et al. Lifestyle and Metformin Treatment 
favorably influence lipoprotein subfraction distribution in the diabetes 
Prevention Program. J Clin Endocrinol Metab. 2013;98(10):3989–3998. https://
doi.org/10.1210/jc.2013-1452

11. The Diabetes Prevention Program Research Group. Intensive lifestyle 
intervention or metformin on inflammation and coagulation in participants 
with impaired glucose tolerance. Diabetes. 2005;54(5):1566–1572. https://doi.
org/10.2337/diabetes.54.5.1566

12. Nesti L, Natali A. Metformin effects on the heart and the cardiovascular 
system: a review of experimental and clinical data. Nutr Metab Cardiovasc 
Dis. 2017;27(8):657–669. https://doi.org/10.1016/j.numecd.2017.04.009

13. Cheng C, Lin CH, Tsai YW, Tsai CJ, Chou PH, Lan TH. Type 2 diabetes and 
antidiabetic medications in relation to Dementia diagnosis. J Gerontol Ser A. 
2014;69(10):1299–1305. https://doi.org/10.1093/gerona/glu073

14. Bannister CA, Holden SE, Jenkins-Jones S, et al. Can people with type 2 
diabetes live longer than those without? A comparison of mortality in people 
initiated with metformin or sulphonylurea monotherapy and matched, non-
diabetic controls. Diabetes Obes Metab. 2014;16(11):1165–1173. https://doi.
org/10.1111/dom.12354

15. Landman GWD, Kleefstra N, van Hateren KJJ, Groenier KH, Gans ROB, Bilo 
HJG. Metformin Associated with Lower Cancer Mortality in Type 2 diabetes: 
ZODIAC-16. Diabetes Care. 2009;33(2):322–326. https://doi.org/10.2337/
dc09-1380

16. Tinetti ME, McAvay G, Trentalange M, Cohen AB, Allore HG. Associa-
tion between guideline recommended drugs and death in older adults 
with multiple chronic conditions: population based cohort study. BMJ. 
2015;351:h4984. https://doi.org/10.1136/bmj.h4984

17. King P, Peacock I, Donnelly R. The UK prospective diabetes study (UKPDS): 
clinical and therapeutic implications for type 2 diabetes. Br J Clin Pharmacol. 
1999;48(5):643–648. https://doi.org/10.1046/j.1365-2125.1999.00092.x

18. Scarpello JHB. Improving survival with metformin: the evidence base today. 
Diabetes Metab. 2003;29(4, Part 2):6S36-6S43. https://doi.org/10.1016/
S1262-3636(03)72786-4

19. Martin-Montalvo A, Mercken EM, Mitchell SJ, et al. Metformin improves 
healthspan and lifespan in mice. Nat Commun. 2013;4(1):2192. https://doi.
org/10.1038/ncomms3192

20. Cabreiro F, Au C, Leung KY, et al. Metformin retards aging in C. elegans by 
altering Microbial Folate and Methionine Metabolism. Cell. 2013;153(1):228–
239. https://doi.org/10.1016/j.cell.2013.02.035

21. Anisimov VN, Berstein LM, Egormin PA, et al. Metformin slows down aging 
and extends life span of female SHR mice. Cell Cycle. 2008;7(17):2769–2773. 
https://doi.org/10.4161/cc.7.17.6625

22. Anisimov VN, Berstein LM, Egormin PA, et al. Effect of metformin on life span 
and on the development of spontaneous mammary tumors in HER-2/neu 
transgenic mice. Exp Gerontol. 2005;40(8):685–693. https://doi.org/10.1016/j.
exger.2005.07.007

23. Slack C, Foley A, Partridge L. Activation of AMPK by the putative Dietary 
Restriction Mimetic Metformin is insufficient to Extend Lifespan in Dro-
sophila. PLOS ONE. 2012;7(10):e47699. https://doi.org/10.1371/journal.
pone.0047699

24. Abrat OB, Storey JM, Storey KB, Lushchak VI. High amylose starch consump-
tion induces obesity in Drosophila melanogaster and metformin partially 
prevents accumulation of storage lipids and shortens lifespan of the insects. 
Comp Biochem Physiol A Mol Integr Physiol. 2018;215:55–62. https://doi.
org/10.1016/j.cbpa.2017.10.011

25. Smith DL Jr, Elam CF Jr, Mattison JA, et al. Metformin Supplementation and 
Life Span in Fischer-344 rats. J Gerontol Ser A. 2010;65A(5):468–474. https://
doi.org/10.1093/gerona/glq033

26. Xu W, Qiu C, Gatz M, Pedersen NL, Johansson B, Fratiglioni L. Mid- and late-life 
diabetes in relation to the risk of dementia: a population-based twin study. 
Diabetes. 2009;58(1):71–77. https://doi.org/10.2337/db08-0586

27. Atti AR, Palmer K, Volpato S, Winblad B, De Ronchi D, Fratiglioni L. Late-life 
body Mass Index and Dementia Incidence: nine-year Follow-Up data from 
the Kungsholmen Project. J Am Geriatr Soc. 2008;56(1):111–116. https://doi.
org/10.1111/j.1532-5415.2007.01458.x

28. Welsh Government. Welsh Index of Multiple Deprivation (WIMD) 
2011. Office for National Statistics; 2011:76. https://www.gov.wales/
welsh-index-multiple-deprivation-full-index-update-ranks-2011

29. Broström G, Jin J. eha: Event History Analysis. Published online April 17, 2022. 
Accessed October 25, 2022. https://CRAN.R-project.org/package=eha

30. Lewer D. Exact matching in R – NHS-R community. NHS-R community. Pub-
lished July 30, 2019. https://nhsrcommunity.com/exact-matching-in-r/

31. Derbyshire Joint Area Prescribing Committee. Management of Type 2 Diabetes 
in Adults.; 2009:38. https://www.derbyshiremedicinesmanagement.nhs.uk/
assets/Clinical_Guidelines/Formulary_by_BNF_chapter_prescribing_guide-
lines/BNF_chapter_6/Glucose_control_in_Type_2_Diabetes.pdf

32. Simpson RW, Shaw JE, Zimmet PZ. The prevention of type 2 diabetes — 
lifestyle change or pharmacotherapy? A challenge for the 21st century. 
Diabetes Res Clin Pract. 2003;59(3):165–180. https://doi.org/10.1016/
S0168-8227(02)00275-9

33. Melander A, Bitzén PO, Faber O, Groop L. Sulphonylurea Antidiabetic Drugs. 
Drugs. 1989;37(1):58–72. https://doi.org/10.2165/00003495-198937010-00004

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://dx.doi.org/10.1016/j.cell.2016.07.031
http://dx.doi.org/10.1111/1440-1681.12265
http://dx.doi.org/10.1111/1440-1681.12265
http://dx.doi.org/10.3233/JAD-131901
http://dx.doi.org/10.2337/dc08-2175
http://dx.doi.org/10.2337/dc08-2175
http://dx.doi.org/10.1186/1471-2407-11-20
http://dx.doi.org/10.1186/1471-2407-11-20
http://dx.doi.org/10.2337/dc10-1287
http://dx.doi.org/10.1210/jc.2013-1452
http://dx.doi.org/10.1210/jc.2013-1452
http://dx.doi.org/10.2337/diabetes.54.5.1566
http://dx.doi.org/10.2337/diabetes.54.5.1566
http://dx.doi.org/10.1016/j.numecd.2017.04.009
http://dx.doi.org/10.1093/gerona/glu073
http://dx.doi.org/10.1111/dom.12354
http://dx.doi.org/10.1111/dom.12354
http://dx.doi.org/10.2337/dc09-1380
http://dx.doi.org/10.2337/dc09-1380
http://dx.doi.org/10.1136/bmj.h4984
http://dx.doi.org/10.1046/j.1365-2125.1999.00092.x
http://dx.doi.org/10.1016/S1262-3636(03)72786-4
http://dx.doi.org/10.1016/S1262-3636(03)72786-4
http://dx.doi.org/10.1038/ncomms3192
http://dx.doi.org/10.1038/ncomms3192
http://dx.doi.org/10.1016/j.cell.2013.02.035
http://dx.doi.org/10.4161/cc.7.17.6625
http://dx.doi.org/10.1016/j.exger.2005.07.007
http://dx.doi.org/10.1016/j.exger.2005.07.007
http://dx.doi.org/10.1371/journal.pone.0047699
http://dx.doi.org/10.1371/journal.pone.0047699
http://dx.doi.org/10.1016/j.cbpa.2017.10.011
http://dx.doi.org/10.1016/j.cbpa.2017.10.011
http://dx.doi.org/10.1093/gerona/glq033
http://dx.doi.org/10.1093/gerona/glq033
http://dx.doi.org/10.2337/db08-0586
http://dx.doi.org/10.1111/j.1532-5415.2007.01458.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01458.x
https://www.gov.wales/welsh-index-multiple-deprivation-full-index-update-ranks-2011
https://www.gov.wales/welsh-index-multiple-deprivation-full-index-update-ranks-2011
https://CRAN.R-project.org/package=eha
https://nhsrcommunity.com/exact-matching-in-r/
https://www.derbyshiremedicinesmanagement.nhs.uk/assets/Clinical_Guidelines/Formulary_by_BNF_chapter_prescribing_guidelines/BNF_chapter_6/Glucose_control_in_Type_2_Diabetes.pdf
https://www.derbyshiremedicinesmanagement.nhs.uk/assets/Clinical_Guidelines/Formulary_by_BNF_chapter_prescribing_guidelines/BNF_chapter_6/Glucose_control_in_Type_2_Diabetes.pdf
https://www.derbyshiremedicinesmanagement.nhs.uk/assets/Clinical_Guidelines/Formulary_by_BNF_chapter_prescribing_guidelines/BNF_chapter_6/Glucose_control_in_Type_2_Diabetes.pdf
http://dx.doi.org/10.1016/S0168-8227(02)00275-9
http://dx.doi.org/10.1016/S0168-8227(02)00275-9
http://dx.doi.org/10.2165/00003495-198937010-00004

	Comparison of long-term effects of metformin on longevity between people with type 2 diabetes and matched non-diabetic controls
	Abstract
	Introduction
	Methods
	Datasets and data extraction
	Analysis

	Results
	Discussion
	References


