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Aims

We conducted a meta-analysis of serious adverse events (dementia, macro- and micro-vascular events, falls and fractures, and death) associated with hypoglycemia in older patients treated with glucose lowering drugs.



Materials and Methods

Meta-analysis of studies reporting on hypoglycemia and adverse events. The search included studies from two previously published systematic reviews, and an updated search of MEDLINE and EMBASE from April 2014 to November 2019. We assessed study validity based on ascertainment of hypoglycemia, adverse events and adjustment for confounders, and conducted a random effects meta-analyses, assessing heterogeneity using the I2 statistic.



Results

We included 44 studies involving 2,507,434 participants. Most of the studies used adjusted analysis for confounders and hypoglycaemic events were typically identified based on healthcare databases (severe events). Hypoglycemia was associated with increased likelihood of death in a meta-analysis of eighteen studies, pooled OR 2.02 (95% Confidence Interval 1.75–2.32). Studies assessing mortality signal a time-response relationship with a higher risk of adverse events occurring within the first 90 days after hypoglycemia. Our meta-analysis of nine studies demonstrated that hypoglycaemic episodes were associated with dementia – pooled OR 1.50 (95% CI 1.29–1.74). Our meta-analysis of nineteen studies demonstrated associations between hypoglycaemia and macrovascular complications, pooled OR 1.81 (95% CI 1.70–1.94), and microvascular complications (two studies) pooled OR 1.77 (95% CI 1.49–2.10). There is also an association between hypoglycemia and cardiovascular death (six studies) – pooled OR 2.11 (95% CI 1.55 to 2.87). Similarly, our meta-analysis of six studies demonstrated an association between hypoglycemia and falls and fractures, pooled OR 1.78 (95% CI 1.44–2.21) and 1.68 (95% CI 1.37–2.07) respectively.



Conclusion

This meta-analysis confirms previously reported concerns of serious harm following hypoglycemia, especially in the immediate time period after a hypoglycaemic event. Avoidance of hypoglycaemic episodes should be a priority in this vulnerable population.
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Introduction

We have previously published two meta-analyses on adverse events (dementia, macro- and micro-vascular events, falls and fractures, and death associated with hypoglycemia in older people treated with glucose-lowering drugs (1, 2). However, since those publications in 2016, we are aware of many new studies [including the authors’ own work (3)] on adverse events associated with hypoglycemia. Hence, we have updated our meta-analyses and present a comprehensive review of the up to date evidence regarding the association between hypoglycemia and adverse events in older people.

Our first systematic review looked at the bi-directional relationship between hypoglycemia and dementia (2). The key findings of the meta-analyses were a 70% increased risk of deterioration in cognition following hypoglycemia and conversely a 60% increased risk of hypoglycemia in older people with dementia. However, this review did not include other major adverse events that may be associated with hypoglycemia. Hence, our second systematic review which focused on vascular adverse events, falls and fractures and all-cause mortality. We found a 1.5 times increased risk in macrovascular events (ischaemic strokes, myocardial infarctions) and a doubling of risk in falls, fractures, and all-cause mortality, but there was insufficient data on cardiovascular death to enable meta-analysis (1). This second review also did not find any studies that specifically looked at the effects of hypoglycemia in older patients who also have dementia.

This updated search of the most recent evidence allows us to access a far larger data set and perform meta-analyses of additional cardiovascular outcomes and time-relationships that we could not previously address due to insufficient data.



Materials and Methods

We worked from the methods described in previously published meta-analyses (1, 2).


Data Sources and Searches

The population we were interested in was older adults. The intervention was ‘hypoglycemia’ and the comparator ‘no hypoglycemia’. The outcomes of interest were cardiovascular events, falls and fractures, death and dementia.

The searches we ran only included terms for the population and the intervention, as the outcomes are too diverse and non-specific for us to be confident that we would capture all the relevant papers if we focused on particular outcomes. For instance, myocardial infarction could be described under a multitude of terms as acute coronary syndrome, STEMI or NSTEMI.

Three searches fed into this systematic review and meta-analysis.

For both previously published reviews, we searched MEDLINE and EMBASE for a ten-year period up to March 2015 with English language restriction.

Bibliographies of included studies were checked for other potentially suitable studies. We were notified through PubMed automated updates of any new relevant studies.

The search strategy for the current review was conducted up to November 2019 and can be found in Appendix 1.



Study Selection

In our analysis, we included cohort studies (prospective and retrospective), which examined the association between hypoglycemia and serious adverse events in participants aged 55 years and older on glucose-lowering medications. We used an arbitrary cut-off of 55 years because there is no internationally accepted definition, and we aimed to be broad rather than too restrictive. We treated post-hoc analyses of randomized controlled trials as cohort studies, as the analysis is no longer on a prospective randomized basis due to post-hoc classification of patients (with and without hypoglycemia).

We excluded cross-sectional studies, because it would be impossible to determine whether the intervention (hypoglycemia) or outcome (adverse events) occurred first.

We included only full journal publications because abstracts are limited in word count and cannot fully describe the statistical models and confounding variables that are of key interest in non-randomized studies.



Data Extraction and Quality Assessment

Two authors conducted study screening and data extraction independently. Uncertainties and discrepancies were resolved through discussion.

We used a standardized form to collect data on study design, study year, geographical location, setting, selection criteria, participants’ characteristics and outcome measures. We extracted relative measures of effect such as odds ratios, risk ratios, and hazard ratios for the outcomes of interest in the group with hypoglycemia as compared to the controls (please refer to Tables 1 and 2). For the sensitivity analysis of survival at different time-points we have focussed only on studies that report hazard ratios.


Table 1 | Study design and characteristics.









Table 2 | Study outcomes, results and risk of bias.












The outcomes (adverse events) of interest were dementia, falls and fractures, composite cardiovascular (macrovascular) and microvascular events and all-cause mortality.

We independently assessed study validity by looking at how hypoglycemia and serious adverse events were recorded and whether adjustments were made for potential confounding factors.



Data Synthesis and Analysis

We performed a random effects meta-analysis of the relative effect measures using the generic inverse variance method (Revman 5.3, Nordic Cochrane Centre, Kobenhavn). As adverse events are rare, odds ratios and risk or hazard ratios will yield similar estimates of relative effect, and we have pooled all of them using a random effects model. The random effects method for meta-analyses takes into account heterogeneity and estimates an average effect, considering differences in intervention effects as random, rather than the single true effect pooled estimate that arises from the fixed effect model.

Heterogeneity was assessed by using the I2 statistic and visual inspection of the forest plots.

We planned to construct a funnel plot if we had more than 10 studies in the meta-analysis (without evidence of statistical heterogeneity - I2 <50%).

As this was a systematic literature review, ethics approval was not required.




Results

We screened 3,175 citations in addition to the 29 papers that were included in the previous reviews. We included 44 studies with a total of 2,507,434 participants (3–24). The flow chart of the study selection is shown in Figure 1.




Figure 1 | PRISMA flow chart.



Characteristics of the included studies and participants are shown in Table 1. The included studies consist of 21 retrospective, 11 prospective and 12 post-hoc analyses. Geographical locations were diverse and included North America, Canada, Asia and Europe.

29 studies looked at patients with type 2 diabetes, whereas the remaining studies included patients with a mix of type 1 diabetes, type 2 diabetes, and impaired glucose tolerance/impaired fasting glucose. Four studies focussed on oral hypoglycaemics (37–39, 46). We report details of study validity (ascertainment of adverse outcomes, and confounding factors) in Table 2 and summarize the key features below.


Ascertainment of Hypoglycemia

Most of the studies relied on hospital or claims data records for severe hypoglycaemic events, ie hypoglycemia that requires help from another person to be managed/treated. 11 studies rely on either a history of self-reported hypoglycaemic episodes, questionnaires, or provided participants with diaries and glucometers (4–7, 10, 13, 16, 32, 34, 40, 45). These studies would be considered to be lower quality because of lack of medical documentation and high risk of recall bias.



Ascertainment of Adverse Events

12 studies used pre-specified outcomes from RCTs and one non-interventional study (5, 9–11, 13, 25, 34, 36, 40, 45, 46).

29 studies measured adverse events through database or medical records codes, one study relied on a professional interviewer with questionnaire (7) and one study on self-report/GP questionnaires (4). Dementia was ascertained though a wide variety of tests.



Confounding Factors

The included studies took account of potential confounding through the use of multivariate logistic regression models. Five studies used propensity score matching (18, 24, 34, 43, 47).




Meta-Analysis


Association Between Hypoglycemia and Macro- and Microvascular Disease and Cardiovascular Death

19 studies confirmed a significant association between hypoglycemia and macrovascular complications (3, 4, 10, 11, 14, 16, 17, 18, 20, 23, 26, 28, 34, 36, 38, 40, 43, 45, 46). The pooled odds ratio was 1.81 (95% CI 1.70–1.94). There was low heterogeneity (I2 = 6%).

Similarly, two studies confirmed a significant association between hypoglycemia and microvascular complications (43, 46). The microvascular complications covered in the study were nephropathy or retinopathy (46) and a composite endpoint of several complications (43). The pooled odds ratio was 1.77 (95% CI 1.49–2.10) with no evidence of heterogeneity (I2 = 0%) (Figure 2).




Figure 2 | Meta-analysis of association between hypoglycemia and macro- and microvascular disease and cardiovascular death.



Six studies reported on cardiovascular death and confirmed a significant association between hypoglycaemia and cardiovascular death. The pooled odds ratio was 2.11 (95% CI 1.55–2.87) with evidence of moderate heterogeneity (I2 = 50%) (6, 10, 13, 34, 40, 46).



Association Between Hypoglycemia and Falls or Fractures

Six studies reported on falls (3, 7, 22, 30, 39, 44) with a pooled odds ratio of 1.78 (95% CI 1.44–2.21) and substantial heterogeneity (I2 = 87%).

Six studies reported on fractures with a pooled odds ratio of 1.68 (95% CI 1.37–2.07) and considerable heterogeneity (I2 = 91%) (3, 19, 20, 22, 35, 37) (Figure 3).




Figure 3 | Meta-analysis of association between hypoglycemia and falls and fractures.





Association Between Hypoglycemia and Mortality

18 studies reported on overall mortality confirming a significant association between hypoglycemia and mortality with a pooled odds ratio of 2.02 (95% CI 1.75–2.32) and substantial heterogeneity (I2 = 86%) (3, 5, 6, 10, 12, 13, 18, 23, 25, 26, 31, 32, 34, 36, 40, 43, 45, 46) (Figure 4). Despite the heterogeneity, the direction of association was consistent across all the studies in the Forest plot. Two studies did not find a statistically significant association between hypoglycemia and mortality (13, 43).




Figure 4 | Meta-analysis of association between hypoglycemia and mortality.



We also conducted a sensitivity analysis for mortality hazard ratios (HRs) at different durations of follow-up, which three studies addressed (Figure 5). The HR is greatest early on [pooled HR 4.08 (95% CI 3.44–4.85) at 90-days follow-up] and diminishes with time after the hypoglycaemic episode [pooled HR 2.43 (95% CI 2.17–2.71) at 365-days follow-up] (3, 36, 45).




Figure 5 | Sensitivity analysis: Mortality HRs at different durations of follow-up.





Association between hypoglycemia and dementia

9 studies confirmed a significant association between hypoglycemia and dementia (8, 9, 15, 24, 27, 33, 41, 42) with a pooled odds ratio of 1.50 (95% CI 1.29–1.74). There was substantial heterogeneity with I2 = 85% (Figure 6).




Figure 6 | Meta-analysis of association between hypoglycemia and dementia.





Sensitivity analysis – restriction to studies with patients’ mean age ≥65 years

As there is no consensus on the age-threshold for ‘older’ patients, we conducted a sensitivity analysis where we excluded studies in younger patients (mean age< 65 years). The pooled odds ratios were modestly increased when restricted to older patients, thus suggesting the possibility of greater harm associated with hypoglycemia with older age: Macrovascular events OR 1.88 (95% CI 1.72–2.07), Falls OR 1.98 (95% CI 1.80–2.19), and Death OR 2.25 (95% CI 1.78–2.83).



Publication Bias and Selective Outcome Reporting

We constructed a funnel plot for the meta-analysis on the association between hypoglycemia and vascular events, as more than ten studies were included in the analysis (see Supplemental Figure 1). On visual inspection of the funnel plot there are very few small studies that contributed to the meta-analysis, and it is difficult to judge presence or absence of asymmetry. As such, we cannot rule out the possibility of selective reporting or publication bias.




Discussion

This updated meta-analysis incorporated 23 new studies to the previously published meta-analyses on the association between hypoglycemia and adverse events in older people with diabetes. The total of 44 observational studies (involving over 2.5 million participants) confirms the danger of hypoglycemia in older people with diabetes, which is consistent with the previously published reviews.

Our meta-analyses demonstrated significant associations between hypoglycemia and death, dementia, macrovascular and microvascular complications, cardiovascular death, and falls and fractures. In our previous work, we were unable to report on cardiovascular death due to lack of data, but we have now been able to perform this meta-analysis with six studies (6 10, 13, 34, 40, 46).

In addition, our new sensitivity analysis of mortality HRs at different times of follow-up also shows that the HR for death is greatest early on and diminishes with longer follow-up duration. This suggests that the association between hypoglycaemic episodes and death is not just due to baseline confounding. If that were the case, we would not expect to see diminishing hazard ratios with longer intervals of time after the hypoglycaemic episode.

The collated evidence regarding serious harm supports our argument that we should prioritize the avoidance of hypoglycemia in this vulnerable group of patients.

An international consensus on clinical targets for continuous glucose monitoring data was published in June 2019, highlighted that older adults with diabetes should spend less than 15 minutes per day in the hypoglycaemic range (<3.9mmol/L) (48). This is of particular significance, as hypoglycaemic episodes are often missed in older people with diabetes (49).

We are aware of studies that have identified potential links between hypoglycemia and cardiac arrhythmias (50, 51), which could account in part for the findings of increased risk of myocardial infarction, stroke, falls and death following hypoglycemia.

Regarding cognitive adverse effects, a recent study found that hypoglycemia was associated with smaller total brain volume on MRI (27). Furthermore, Gibas et al. put forward the theory of “brain starvation” in patients with type 2 diabetes, due to concurrent hyperinsulinemia and relative hypoglycemia due to insulin resistance resulting in apoptosis of healthy neurons from catabolic degeneration (52). Radiological studies in patient who had suffered profound hypoglycemia have shown that neurons in the hippocampal and temporal areas, cerebral cortex, substantia nigra, and basal ganglia are particularly sensitive to hypoglycemia (53). Cognitive decline may in turn pre-dispose older frail people to falls, fractures and death following hypoglycemia.


Limitations

We cannot prove causality due to the observational nature of the studies. Although we identified heterogeneity in some of the meta-analyses, the direction of the effect was consistent amongst the studies. Factors which could be influencing heterogeneity include different classes of medications, different geographical locations, different study designs and the accuracy of ascertainment of hypoglycaemic episodes and adverse events.

We considered summarizing the evidence using GRADE, however, this tool is mainly designed for recommendations on healthcare intervention and not for etiology and prognostic studies. The two main areas within GRADE that cannot be applied here are ‘measure of indirectness’ and ‘estimation of absolute effect size’.

Regarding publication bias, if null or negative findings are not fully reported, this may result in inflated estimates of association in the meta-analyses. However, there were very few small studies in the funnel plot analysis we performed in relation to cardiovascular events, and so it is not possible for us to rule out bias from non-publication of small studies.




Conclusions

Our updated review provides a strong evidence base to support and strengthen our argument about the importance of adopting a hypoglycemia minimization strategy. Further work has to be carried out in older people with diabetes to establish effective hypoglycemia minimization strategies through better monitoring via continuous glucose monitoring coupled with de-intensification of management regimes, rather than the pursuit of specific HbA1c targets.
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(Cause ofdeaih was missing for 29 paricpants, and they

were censorec at time of death,

"Dagnosed dabetes by sefreport of dagnoss o Nogheoss

betes medicaton use. Mean age 76 years. owedng
mectcatons, ol
Iypogycaemc
agents, insuin

Type 1 or ype 2 dabetes patnts without cororary  Oral Pypogycaaric
arery issase befor 1 January 2006; agents, insuin
Folow-up untl earst ncdent o CAD, last clrc vist,

death or 30 Juna 2012,

‘Exposed: 1 or more ypoglycasic events i 2000-

2005;

Unexpoosed: no reportd hypogiycaema befos 1

Jaruary 2005

Mean age 60 years.

Bxcusions: patints with CAD beforo 1 Jrauary 2008

Typo 2 dabetes (COO-CM) o

0 prior damenta Iypogicaemics or
455 malo Maan age 64 nsubn

2% had prior hypogiycaemia-not i baselne

chaacterstics]
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For the analysis of incident dementa.

 dato of dementa dagnosis was.
assigned as the date of
Pospialsaton wih a dementa ICD-
9codoor,itno
Pospialsation wih domonta
occuned, tho frst cate of detocton
Viatho TICS or CDR, or vit .
Bociron hoalth record repostory,
incling ouatients, emergency
department and npatient visit. -
9 codo-cased agorthm

Dement: ICD9.CM
Mathod of Gagnosing not stated

Fals nascing admision o hospla-
falegatod dagnosis codo
dcharge dagnosis duing the
fofonup (CD-9 codss), Unabe 1o
stinguih between the fals
occuring belore o durng
Pospiaizaton.

Primasy outcome: al-causo mortalty
Secondaiy end pons incuod o
causo hospitaisatons and
Iypoghcaemia-associaled
hosptalsatons.

Mortaty and cotes o hospitaisation
detemined by inkage to provincia
heaith ministy databases.

Outcomos wore fas, faciures,
cadorasculr avents (myocardal
nfarction ischemic stroke) and al-
cause mortalty. Data cbianed from
CPRD using Rsad 0odes and HES.
Wi ICD codes.

‘Bectroni hoath record reposiry, inciudng
utpatints, emergency department and
npatent vits.

Hypogcaemia defnod as hypoghcaoma
txought o medical attenon. 10D-9 code-
based aigortm

1c09-cM
Mathod of Gagnosing not stated

SH dafined as pesonce of ICD:9 codos
outpatint and ipatient vsits befoc tho
index dato

Defned savere hypogycasmia by he
presence ofany npatentcischarge
dagnoss of rypoghcasmia (CD-10 code:
EisorEre)

Frst hypogiycaemic episade recordod on the
prmary (CPRD) o secondary (HES)
heatincare databass from Apr 1997
omwards olowing niaion of a gucose-
owering agent. Data on hypogycaemic
episodes were obianed fom GPRD tsing
Read codes and HES wih CD codos.

oo Cox modelsfor incdent CAD
constucted, Modl 3 uly adusted
adjustog for sex, age, educational
atainmont, CAD rskfactors, insun,
oral ypogiycaemics otal medation
‘coun, retnopathy, oty renal
faiuro, 6GFR, LOL < HOL, cancer,
dementa, dystythmias,
Posptaizatons, weightoss withn a
‘year, HOAIC measurements per year.

Mutiariabl Cox proportona hazard
ey

Age. gender, co-mbictes
lschaomic heart

soaso, casovascular diseaso,
Iyperipidacma,
ehvonic renal cseaso, hypertonsion,
suinuso.
Proportonsl hazards regression
models

Large pumber of deahs during foov-
up: moraiy as competing sk

Fino 8 Gray competingrisks model
‘Sequental constuction of mutivarato
regrassion. Adusimants for 290, sax,
o o dabetes. geograptic area.
banzaton tatus, obesiy, mental
boath probrs, nxroiog<al,
cadorasouar, endocine, rena,
opihainic disorers epiepsy, stoke,

Acusted for age, sex, socoeconommic
Sttus (based on indvidal heath
surance premium kel and median
Peighbouiond incomo), index 6GFR,
prevaient Pypogiycoensa, co-
motices, uso of dabetes
matcations.

(Cox progortonal hazad reression
modeis with acustments for
medcations, age, gonder, co-
motictis, Tonnsend deprvaton
dex

Hypogioyaemia and
assocated with CAD i
R 1.90(1.00-331)
Riscafer adjusting for
soco-demographic
chaactorstcs,
Iypertension,
ysipicaoma, dabetes.
usaton, BMIand HOATC
PHR2.15(120-374)
Fuly adiusted model
R 1.65(095-287)
At Gabetc patients
vilhprior ypogiycaemia
had a sgnifcanty
ncreasedrisk dementa:
PR 1.45 (1.07-197);

Riskof s s dabetes
vilh hypogycaemia group
(patints without dabetes.
as rfeont group)

>65 years aHR 1.33
21-1.47)

Patents ithout
Iypogycaemia s referent
>65 years aHR 1.35
(125-1.45)

Mortaity associated with
any hosptatsation wih
Iypogycaemiain
patients with dabetes:
R 246 2,17, 280)

Hypogyoaeni was.
assocated vt an
ncraased sk durng 12
months folow-up of:

Fals 1.96.(1.69-229)
Fracturos 1,62 1.25-2.08)
Carciovascuar evens -
#R2.00(05%CI 16110
248

Mortaty - 4R 235 (96%
©1200-267)
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Incident cases of dementaand  HIRAS claims database (CD-10 codes)  Cox proportional hazards regression
orgaric mental disorder wero modsis adjusing fo age,sex,

dentifod form HIRAS clim. smoking staue, ol status, B,
atabase (CO-10 codes) dastoic bood presure, medicaions,

dabetes duation, dysipidaema,
OV, corabrovascar dsease

Incident cogritie dystunction Seltreported uesionnaes. Nonsevere  Cox proportonsl hazads regression
oo ofthe as eported dementia  ypogycasma defned as an ovent adjusing for baseln CVD, dabetes.
frst ocourence ofan affmatve  associted with symploms consisent with  slatus, alocaton o gargine, alocaton
answor t0: caso report form ypogycaemia and confimad by a capiary {0 b3 faty acids, HoAlcas a time-
‘queston) o a postrandomizaion  ghcose reading of <SAmg/dL (mmol). SH _vanying covarte age.

MMSE scoro of <24, ‘Gefnod as 2 symptomaic events ecuiing  Accounted for competing sk of
‘Sensivty anaysis conducted using | assistance of ancther person and there was st

amore estictve defion of promp recovery afer oral carborydite, V.

‘cognive dystuncion (reported  gcose or gucagon andor documented

‘domentia ortwo consecuive MMSE  seffmeasure or aboratory-measured pasma
‘Scores <24 orlast avalablo MMSE  Goose lvel of <36 iyl (2 mmoll)

score <24)
Primary otcome: e o frst SH defne as  sefreported episodof a Cox proportonsl hazards egression
ocourence ofany one of ow blood gcose vaue acoompand by acusting or reatment grup, overal
‘composie of carcvasculr events  conluson requiing assistanc fom another  GAIGiaSGaY 1S (AkKing actors
adjicated by an end port person o oss of consciousness. Such s Gabetes uration, HOATC)
‘commites that was unaviare of prior cardouascaar event, nuin s,
study group assgnments. eaFR

Cadovasouar oves were
documented M, sike, death as &
et ofcardovascular causss, ne
o worsering congestve cardiac
fare, sugical ntevention or
cardac, cerobrovasculr, or

perpheral vascuiar disease,
inoperable coroniey artry disease.

and amputation forischaemic

gangrene.

Total mortaity pre-spociied

‘secondary otcome.

‘Cardovascuar evet s pre-specied Routine tial montoing Mutiarite regression anaysis
‘composie: M, stroke, OV death, Confounders:prio cardovascuar
cardiac ke, vascusr sugary. event, age, baseine nsuin ey,
inoperable coonary atecy isease, smaing status, HOATC, .
amputaton or gangrene creatinine, dabetes reatment and
Bindod indepandent adtcaton of duaton

outcomes:

‘Outcomes: medialy atiended  Medicaly attencd hypogcaemia events  Cox proportonal azards regression
Iypoghcaema svents dentiod fom clims database-ICD-9 codes. o ik ofhospiaizaton i
Hospitaization mecscaly atonded hypogycasma as

‘Secondary outcome: mortalty the time-varying covariate, adisting

Any events of
Iypogycaania and sk of
domenta aHR 2680
(10806694
Tao or more.
Iypogycaenic events and
ik ofdementia

R 4,065 (1.099-
15099

Relationsip between SH
antincdnt copnithe
impaiment afe adustng
for bassina VD, dabetee
Status, treatment
alocaton: &R 1.16
089-1.52) Model with
propensiy score for SH:
2R 1.00(076-131)
‘Sensity analyss vith
more estcte dofiton
of cognitve impament:
R 121 090-169)
NonSH and sk of
et cogrtve
impeinment aHR 059
052-069);
Model wih propersty
‘oo for ponSH aHR
058(051-067)
‘Sensitty analyss vith
more estctve defiton
of cognitve impament
2R 062 052-073)
‘SHwitin pior e
monih and assocaton
with cardovasculr overts
and moratty
Catovasouar ovonts
2R 1.90(1.06-352)
Caovascuar mortaty
@R 37 (1:30-1040)
Atcause mortalty aHR.
240(1.10105.10)

HRfor composte
cardovasauiar overt 188
(1029, 3.432)

Medcaly attenced
ypogycaenia afer
itation of basa insufn
and isk of hosptaization
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Ascerainment of mortalty from
mtoalrecords and socl securty
deathindex

Outoomo variatio was tine to
‘dementia-dofnad by dagnoss
odes fom sectronc medcal
facords.

Gomposito of cardovascuar death
any dsah for which no non-
candovasouar cause codd be
dentifed, non-fatal MI (ased on
cinical presenttin, dlevated
cardc maskers, andior now
ectrocardographic changes), o
Stoke foased on cincal
prosertaton and imaging)

Mortaly

Binded independent adudation of
outoomes

Primary outcome: any fracture;
‘socondary ovtcome: agikty facture
Read codes obtaned rom database

Primary outcome: MACE
(cardovasculr death, ron-ftal M,
non-atd stcke)

Hp facture defned as an D9
code 820xc

Mactovasauiar compicatons viere
datomined based on prnay care
agnoses (CD-10 codes) for
oronary hear csease (20, 24 and
129, M (21, 22, 23 and 12521,
‘stroke (3, 164, G45) and peripheral

Investigator asked patients about
hypogicaemic events

i Pypogcaemia: symptoms consstent
with rypoghcaenia no reqiing any
assitanco

~severe hypoghcaemia s symptoms
requiing extema assistance
Hypogycaemia deined based on previously
Geied kgt or CPRO data. Modled
as tmo-dependent variatlo. Read and Mt
oodes.

Paricipants ecorded hypoghcaeric svents
with gucose meters and dares.
Inesigators asked patents about
hypogcaemic events a each sty Vit
Nonvsevere hypoghcaemi: eevant
Symptoms confrmed by glucose reading
<ammoi.

severe ypoghcaema: symptomaic
Iypogcasnia requiing assistance of
‘another person with () promp recovery afer
oral cabonycrate anco ) documented
pasma glucose evel <2mmoll.

Read codes obiained rom database

Aduccatonconfimed SH vas pro-
specfied. mulipioty adusied socondary
utoome as defned by ADA.as an episode.
taquiing the assistance of ancther parson o
actively administer carbotyckates or
9ucagan,or o take ther coecive acton.

10D-9 codes based on valdated algorthm

10D-10 ooxings (E16.0, E16.1, E16.2)
Frequency of patents with >1
Iypogicaenic event assessect 30, 0, 163,
365 and 730 daye ttr ndex cate

Logstic regression
‘Conlounders: age, gender,type of
‘Gabetes and duration, OC, HoATC:

Fie and Gray's competing sk
modi-extension of Cox modal o
‘competing risk data by consderng
‘subdstoution hazards.

Adustments for age, sex, HOATC,
eloonol use, smoking satus,dabetes.
eatment, co-morbidies assocaled
with dementa.

Folowup from 1 cate of dabetes
Gagnoss ntl they deveoped
Gementia-censared at et o
eal, kss fom databas or a1 31
Decomber 2012

Propensty soore matcring, as wel as
‘Co regression models adcessing
potontal confounders: 290, gend,
oy, education, pior
cardovasauar evens, hypertension,
‘Gepressin, cutent smoking, acondl
ntako, sbxmincreainne rato 530
mglg, dabotes and cadiorascur
hugs, B, waistip rat, HOATC,
asting plasia gucoss, i, senm
reating, miek-montal taus, prox
Gabetes metts

Incidenco of outcome of terost was:
comparoc botween exposed and
nexposed growp. incidence Rate
Ratos derved using Posson
ragrasson adjsting for conaiats:
g0, sex, BMI, Towsend deprhation
dx, smoling, OO, HOATG,insuln,
bisphosphonates,stecil,
Iypenhyrosm, Graves dsease,
renal impariement, aniypertensie
medcations.

Coxregression modsls

Adustments for age sex, HOATC,
B, dabetos duraton, nsuin,
Pepatc mpaimen, enal stats.
cardorsauar sk grow

Mutivasiablo gt regresson based
on propensiy sco as viel as
adjustment fo confounders:: age,

sex, Meciare cover, region, coronary
et isease, ieoke, osteopoross.
Gemorta, CKD.

Adjsted for age sex, ype of practse
(dabetciogis, practss region. health
insurance stats (rate), anidabetic
‘o medication, episodes of
ypogycasmia, mcrovascular
compications, hypestension,

OR3.381(1.547,7.388)
Associaton batween
severe hypogicacmia and
Syear mortaty

ssociation of
Iypogycaemia i
comenta

Fuly acusted model
@R 127 (106-1.51)

nthose with sovere
Iypogycaemia HR 1.58
124, 202)or composte.
euont

HR171 (127, 200) or
cardovascuar death.
HR174(1.99,2.19) or
‘ot mortaty.

Riskof a factues in
patients wih documented
Pypogcaemia compared
1o thosa vithout

aRR 120(1.12-1.30)

Fisk of MACE for
ndivals who had vs
thoso who had ot
exparoncad SHaHR 138
096-196)

At-cause modaity sHR
25117910350
20R2.22 (1,35, 4.34) or
hp fracures i those vt
documented
ypogycasmia

HA16(1.1,22)f0r
ncdent macrovascuar
compications
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Data source Number of  How were the patients
patients, setting,dates  selected for study.

Ednbugh type2 Lotian Diabetes Rgser
Dabetes Stcy. 1066
partcipants, Lothan

Regon Scotlnd
20062010

10251 "RCT (ACCORD) in patiens.
77 cnical contresin with Typo 2

North America

Vincent Typo 2 Dabetes  Vincont Typo 2 Diabetes.
Regsty enroled between Registry

January 200010

December 2010 (okow-

Ut May 2015),

1260 particpant, South

Korea

an Outpationt dabetes ciric:
Togo, Japan, Dec 2009-  atencid fo 200 year.
Ape 2011

Korea National Disbetes.  Korea National Dibtes

Program, 1957 Program databas and
paricipants, Health Insurance Review
Koea and Assassment Sonics of
20062014 Korea (HIRAS)

1A% patcpants  ORIGN YAl

recritod between 2003

102005, 573 s i 40

countis

17191 mitay vetoans VADT tral
20 Vetaans.

‘Admistaton Hospials

across the Unted Siates

1791 RCT AT
us

1 Decomber 2000-30.

May 2008

Medcars Advartage  Mediare Advantage
claims database laims database
31005 patients

1 January 2007 1031

December 2012

s

3601 paricipants envoled  CREDIT study
etween 4 December

2006 210 20 Apr 2008

314 contros i 12

countrics

Diabetos definition & Patient Characteristics, age,
‘sex or Selection of Cases and Controls)

Type 2 Gabetes, mean age 68 years, mae 51%.
319 previous coronay hear even, 8.7% previous
cerobrovascular event, 149% preious Ml 53% provous.
stroke

Type 2 dabetes, mean age 62.2years, male 62%. Hadt
other establshed carciovasculas isease o ackiional
cardovascudar ik factors. Exclusions: past severe
hypoycaema, BMI >45, serum creatinen >133
micromolL, other secous ness

‘Type 2 diabetes, mean age 55 years, femdle 5%
Excusions: oder than 75 years, mertal heath ness,
unable 10 urtake se-care, previous episodes of SH,
‘cogniive impaiment, loono axcess, malgnancy, end-
Stagorena isease, seversrfctin, ver GiThosis

>60 years
168 T20M patients and 43 age-matched. non-dabatic
contios

Excusin: bindness, wheelchairbediden, ond-stage
renal csease, ackenalinsuficiency, Pypopttarim,
Iypomypertyo, unconioted yperension

Type 2 dabetes, mean age 68 years, 47% mal, mean
dabetes curaton 8 years

Excusions: Nisory of Pypoghcaemia. cognitie
impaiamont, previous history of rug misuso, head inkay,
depression.

Indivuals with impaired fastng gucose, impaiced
‘gucose tolerance or eary type 2 diabetes who dlso had
adkdonalcardovaseuar sk factors

Nean age 66 yeas (SH), 63 years (1o SH) female 26%
(SH, 33% (100 SH), baslne MMSE 524

Nedan folourup 6.2 years

Type 2 dabetes, 97% malo, median olow-up 5.6 years,
inadoquate response to maimal doses ofoal agents o
insudin therapy.

Mean age 60.4 years

Excusions: HoATc <7.6%, cardovascur event during
previous 6 morihs, ackanced congeste heart falure,
‘senere angina e expoctancy <7 years, BMI40, serum
creatiios ove >141 moromOIL, darins
aminotransiorasa level > throe imes tho upper kit of
nomal

Mean age 603 years:

o7% male

T20M

Excusions: roent cardovascur evet, saiows co-
mortidiie, renal o e impaiemen, BMI>40

Patients ih ype 2 abetes making fest pharmacy.
‘i fo basal insun, incukod i prevously 00 GLP-1
anaogs/oral hypogycaemic agentes and had a east 2
‘years of Medicare Advantage corerage.
Mean age 72 years.

Excuded: previous nsuin use (brandil insuln use g
folowrup was permited)

incuson crera: Type 2 dabetes, 290 >4 years, started
nsulin >1 month and <6 months prior o study entry and
who had HoATE measurement within 3 monihs prio 1o
Staring i

Nean ag 62 yeas, diabetes duration 11 years, ype 2
dabetes

Type of glucose
fowering agents

Oral hypogiycaeric

agents, nsuin

s, oral
ypogicaemic

s, oral
ypogicaemic
agents

agents
insuin

Oral hypogiycasmic
agents insuin

agents insuin

Oral hypogiycaeic
agents insuin

i, ol
Iypoghcsemic
agens

Oral bypogiycaemic
agentes, insuin

Oral hypogiycaeric
agents, nsuin





