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Abstract. — OBJECTIVE: To compare different
methods assessing the burden of cardiovascular
mortality in diabetes mellitus, which is usually
underestimated by standard mortality statistics
based on the underlying cause of death.

PATIENTS AND METHODS: All residents in
the Veneto Region (ltaly) aged 30-89 years with
co-payment exemption for diabetes in January
2010 (n=185,341) were identified and linked with
mortality records (2010-2015). The underlying
causes of death, as well as all the diseases men-
tioned in the death certificate (multiple causes),
were extracted. The standardized mortality ra-
tios (SMR) were computed with regional rates
as a reference.

RESULTS: After grouping diabetes and cir-
culatory diseases as the underlying cause of
death, the mortality rates were highly increased,
especially among patients aged 30-54 years:
SMR 4.24 (95% confidence interval 3.57-5.00)
and 9.84 (7.47-12.72) in males and females, re-
spectively. After re-assignment of the under-
lying cause in deaths from diabetes, the per-
centage of overall mortality caused by circula-
tory diseases increased from 33.8% to 41.7%.
Based on multiple causes, the risk of death was
increased for several cardiovascular diseases,
including causes rarely emerging from stan-
dard mortality statistics such as atrial fibrilla-
tion/flutter.

CONCLUSIONS: The re-assignment of the un-
derlying cause and the analyses of the multiple
causes of death allowed to estimate the whole
burden of mortality associated with cardiovas-
cular diseases.
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Introduction
Routinely collected cause-specific mortali-

ty data are used to describe the health profile of
populations, evaluate the impact of risk factors,
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preventive interventions, and monitor specific
mortality patterns of subjects affected by chronic
diseases such as diabetes mellitus'.

Traditionally, in patients with diabetes the ma-
jor cause of morbidity and mortality is represent-
ed by cardiovascular diseases’. In recent years,
among subjects with diabetes, a large decline in
the proportion of deaths from vascular causes has
been observed, partially offset by an increase in
the proportion of deaths from non-vascular and
non-cancer causes®. However, multiple intricacies
arise when mortality records are analyzed in dia-
betic subjects. First, diabetes itself is selected as
the cause in over 10% of deaths among affected
patients**. It must be remarked that the standard
mortality statistics are based on the underlying
cause of death (UCOD), which is identified from
all the diseases reported in the death certificate
according to internationally adopted algorithms’.
For example, according to the existing coding
rules, diabetes is selected as the UCOD when re-
ported in the death certificate as a cause of isch-
emic heart or cerebrovascular diseases™, leading
to an underestimation of the burden of mortali-
ty associated with the latter conditions. Second,
with the ageing of both the general and the diabet-
ic populations, the associated burden of multiple
comorbid conditions is steadily increasing. As a
consequence, there may be no simple etiological
chain leading to the identification of a single un-
derlying cause; instead, death often is the result of
a complex interaction between multiple factors'.

In order to properly investigate mortality da-
ta at the population level, an option might be to
analyze deaths from diabetes and circulatory
diseases both separately, as well as grouped as
cardiometabolic diseases’. Nonetheless, in order
to fully investigate mortality rates associated
with cardiovascular causes in diabetes, multiple
methods might be adopted, including the re-as-
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signment of the cause when the selected UCOD
is diabetes itself, and the analysis of all the dis-
eases reported in death certificates (the so-called
multiple causes of death — MCOD-approach).
This study aims at estimating the whole burden
of cardiovascular mortality in a large popula-
tion-based cohort of subjects with physician-di-
agnosed diabetes.

Patients and Methods

ldentification and Follow-Up of
the Cohort

Mortality was investigated in diabetic patients
identified from the regional archive of subjects
with copayment exemption for diabetes in the
Veneto Region (North-Eastern Italy). The de-
tails have been previously published®. Briefly, we
identified all residents aged 30-89 years with co-
payment exemption for diabetes in January 2010,
and linked them with the archive of causes of
deaths occurring in the period 2010-2015. Each
subject was followed up from January 1%, 2010,
until death, or 90 years of age, or December 31*,
2015, whichever came first. Regional health re-
cords were routinely submitted to a standardized
anonymization process that assigned a unique
code to each subject allowing record linkage be-
tween electronic archives, without any possibility
of back-retrieving the subject’s identity. Since all
analyses were carried out on routinely collected
anonymized records, the study was deemed ex-
empt from approval by the Local Ethics Commit-
tee.

Assignment of Cardiovascular Causes
of Death

The regional archive of causes of death not
only includes the UCOD, but also all diseases
mentioned in the death certificate (MCOD), cod-
ed according to the International Classification
of Diseases, 10" Edition (ICD-10). The UCOD
is selected by means of the Automated Classifi-
cation of Medical Entities, a computer program
developed by the US National Center for Health
Statistics to standardize the assignment of the un-
derlying cause®.

The first step to assess cardiovascular mortality
in the cohort was to group the deaths from diabe-
tes (ICD-10 codes E10-E14) and circulatory dis-
eases (100-199), selected as the UCOD. According
to the ICD-10, diabetes is classified further based
on the presence of specific complications: periph-

eral vascular disease (last character of the ICD-10
code = 5), other specified, unspecified, or mul-
tiple complications (last character 0-4, 6-8), and
diabetes without complications (last character 9).
Diabetes with the peripheral vascular disease was
directly classified among cardiovascular deaths.
Furthermore, in the case of deaths from diabe-
tes without complications, the cause of death
was re-assigned by running the ACME program
after deleting diabetes from the list of diseases
mentioned in the death certificate. Through this
UCOD-based methodology, a more complete es-
timate of the overall burden of mortality from cir-
culatory diseases and specific disorders including
hypertensive diseases, ischemic heart diseases,
cerebrovascular diseases, cardiac valve disorders,
cardiomyopathy, atrial fibrillation and flutter, and
peripheral vascular diseases, could be achieved.
Lastly, any mention of the above cardiovascular
diseases in the death certificate (MCOD) was fur-
ther analyzed, irrespective of their selection as the
UCOD.

Statistical Analysis

The proportional mortality from cardiovascu-
lar disorders (share of deaths from all causes) was
compared between the routinely selected UCOD,
the UCOD resulting from the re-assignment of
deaths from diabetes, and the MCOD approach.

Furthermore, Standardized Mortality Ratios
(SMRs) with 95% confidence intervals (Cls) based
on the Poisson distribution were computed as the
ratios between deaths observed in the cohort and
those expected according to age and gender-spe-
cific regional mortality rates. SMRs for the main
cardiovascular disorders were computed based
both on the UCOD and the MCOD.

Results

Among 185,341 subjects with diabetes includ-
ed in the cohort, 36,382 died during the follow-up
period: diabetes was selected as the UCOD in
4,518 decedents (12.4%), and a circulatory dis-
ease was selected in 12,282 (33.8%). After group-
ing the two nosologic categories, rate ratios were
highly increased compared to the overall region-
al population, especially among younger female
subjects (Figure 1): the estimated SMR among
patients aged 30-54 years were 4.24 (95% confi-
dence interval 3.57-5.00) and 9.84 (7.47-12.72) in
males and females, respectively.

6701



U. Fedeli, E. Schievano, G. Targher, E. Bonora, M.C. Corti, G. Zoppini

14

12

10 + ¢

SMR with 95% CI

Mortality from diabetes and circulatory diseases

Males Females Males

30-54 yrs 55-64 yrs

Females

Males } Females

Males Females

65-74 yrs 75-89 yrs

Figure 1. Standardized mortality ratio (SMR) with 95% confidence interval (CI) for mortality from diabetes and circulatory
diseases, by gender and age class. Reference = expected deaths based on gender- and age-specific mortality rates in the Veneto

region (Italy), 2010-2015.

Out of all deaths observed in the cohort, 2.1%
were caused by diabetes with peripheral vascular
disorders, and 6.6% were caused by unspecified
diabetes re-assigned to circulatory diseases af-
ter applying the coding rules without accounting
for the mention of diabetes. As a result, the per-
centage of deaths with circulatory diseases as the
underlying cause increased from 33.8% to 41.7%,
with a larger share in the female (Figure 2). Isch-
emic heart diseases, the most frequent nosologic
category, increased from 14.0% to 16.9% of all
deaths after re-assignment of the UCOD.

Table I shows the distribution of the routinely
assigned UCOD among deaths with ischemic heart
diseases listed as a contributory cause, but not
selected as the underlying one. A substantial per-
centage of deaths was originally coded as diabetes,
mainly without specified complications. Most of
these latter deaths could be attributed to ischemic
heart diseases by using the above re-assignment
process. Nonetheless, most of the deaths were dis-
tributed across several nosologic categories: can-
cer, other co-existing circulatory diseases (mainly
cerebrovascular disorders), infectious, neurologic,
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respiratory, or digestive diseases. In these cases,
only the MCOD approach allowed the assessment
of the contributory role of ischemic heart disorders
in the process leading to death.
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Figure 2. Underlying cause of death among 36,382 patients
with diabetes: percentage of circulatory causes, diabetes
with peripheral vascular disease (PAD), diabetes with other
complications, and circulatory diseases resulting from the
re-assignment of cause of death in unspecified diabetes.
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Table I. Underlying cause of death selected in 4,988 certificates of diabetic subjects with ischemic heart disease mentioned

as a contributory cause.

Underlying cause (ICD-10 codes) No. %
Common infections (A00-B99/B15-B19 excluded/, J10-J22, J69, J85-J86, 322 6.5
N10-N12, N136, N15, N390)
Neoplasms (C00-D48.9) 1214 24.3
Diabetes (E10-E14) 1787 35.8
With peripheral circulatory complications (x.5) 270 5.4
With other complications (X.0-x.4, X.6-x.8) 296 5.9
Without complications (X.9) 1221 24.5
Mental and nervous system disorders (FO00-G99) 216 4.3
Circulatory diseases (100-199) 643 12.9
Cerebrovascular diseases (160-169) 367 7.3
Chronic obstructive pulmonary disease 144 2.9
Diseases of the digestive system (K00-K93) 252 5.0

By means of the MCOD approach, a large bur-
den of mortality associated with ischemic heart
diseases, hypertensive diseases, and cerebrovas-
cular diseases could be assessed (Table II). Causes
such as atrial fibrillation/flutter which were rarely
selected as the UCOD, were frequently mentioned
in death certificates of diabetic patients. Further-
more, the role of cardiac valve disorders and pe-
ripheral vascular diseases was much more evident
with this approach.

Table I1I shows that for all analyzed circulatory
diseases, SMR estimates based on MCOD were
higher than those based on the underlying cause.
The only exception was represented by peripheral
vascular disorders, which already showed consid-
erably increased risks after the inclusion of the
specific diabetic complication codes (E1x.5). As
regards atrial fibrillation/flutter, a significantly
increased SMR could be observed only through
the analyses of MCOD. Risk estimates based on

both the underlying, as well as multiple causes of
death, were consistently higher in females com-
pared to males.

Discussion

The present study shows that the impact of
cardiovascular diseases on mortality in subjects
with diabetes is still large, and might be under-
estimated by the analysis of routinely collected
mortality statistics. To overcome this limitation,
the first approach was to combine the causes of
death (cardiometabolic diseases), followed by
re-assignment of cardiovascular causes in order
to disentangle the complexity of diabetes and
cardiovascular diseases in the death process.
Through this methodology, a more complete esti-
mate of the whole cardiovascular risk in diabetes
could be obtained.

Table Il. Number of deaths from circulatory causes (n) and share of deaths from all causes (%) according to the underlying
cause of death (UCOD), to the re-assignment of the underlying cause, and to multiple causes of death (MCOD).

ucobD UCOD reassigned MCOD

n % n % n %
All circulatory causes (100-199) 12282 33.8 15174* 41.7 - -
Hypertensive diseases (110-115) 1261 35 1692 47 7606 20.9
Ischemic heart diseases (120-125) 5085 14.0 6146 16.9 10073 27.7
Cerebrovascular diseases (160-169) 2707 74 2989 8.2 5803 16.0
Cardiac valve disorders (I05-108, 134-138) 600 1.6 633 1.7 1665 4.6
Cardiomyopathy (142) 333 0.9 353 1.0 713 2.0
Atrial fibrillation and flutter (148) 295 0.8 339 0.9 3492 9.6
Peripheral vascular disorders (170.2, 173) 125 0.3 867* 2.4 1660* 4.6

*Codes E1x.5 included.
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Table Ill. Number of deaths (n) and standardized mortality ratio (SMR) with 95% confidence interval (CI) in a cohort of
185,341 patients with diabetes according to the underlying cause (UCOD) and to multiple causes of death (MCOD). Reference
= expected deaths based on gender and age-specific mortality rates in the Veneto region (Italy), 2010-2015

ucobD MCOD
n SMR (CI) n SMR (CI)

Males

Hypertensive diseases (110-115) 559 1.21 (1.11-1.32) 3951 1.74 (1.68-1.79)
Ischemic heart diseases (120-125) 3058 1.72 (1.66-1.79) 6268 1.97 (1.92-2.02)
Cerebrovascular diseases (160-169) 1360 1.42 (1.35-1.50) 3025 1.56 (1.50-1.62)
Cardiac valve disorders (105-108, 134-138) 239 1.36 (1.20-1.55) 759 1.51 (1.41-1.63)
Cardiomyopathy (142) 244 1.73 (1.52-1.96) 517 1.89 (1.73-2.06)
Atrial fibrillation and flutter (148) 105 1.02 (0.84-1.24) 1791 1.39 (1.33-1.46)
Peripheral vascular disorders (170.2, 173, E1x.5) 480 3.69 (3.37-4.03) 995 3.09 (2.90-3.29)
Females

Hypertensive diseases (I10-115) 702 1.30 (1.20-1.40) 3655 1.81 (1.75-1.87)
Ischemic heart diseases (120-125) 2027 1.93 (1.85-2.02) 3805 2.19 (2.12-2.26)
Cerebrovascular diseases (160-169) 1347 1.39 (1.32-1.47) 2778 1.58 (1.52-1.64)
Cardiac valve disorders (105-108, 134-138) 361 1.63 (1.47-1.81) 906 1.78 (1.66-1.90)
Cardiomyopathy (142) 89 1.65 (1.32-2.02) 196 1.87 (1.62-2.15)
Atrial fibrillation and flutter (148) 190 1.52 (1.32-1.76) 1701 1.58 (1.51-1.66)
Peripheral vascular disorders (170.2, 173, E1x.5) 383 4.30 (3.88-4.75) 665 3.74 (3.46-4.04)

When diabetes and circulatory diseases, se-
lected as the UCOD, were grouped, they had a
profound impact on mortality, especially in the
younger age class (30-54 years). The present find-
ings confirm the higher proportional increase in
the risk for cardiovascular deaths in females, es-
pecially among younger patients’. The re-assign-
ment process of the UCOD led to a roughly 20%
increase in the proportion of deaths attributed to
cardiovascular diseases overall, and specifically
to nosologic categories such as ischemic heart
diseases. Moreover, the MCOD approach allowed
to fully assess the impact of several cardiovascu-
lar diseases as the cause of death.

Peripheral vascular disorders confirmed their
impressive impact on the mortality risk in pa-
tients affected by diabetes'®. Furthermore, the
impact was assessed for less frequent cardiovas-
cular causes such as cardiac valve disorders, car-
diomyopathy, and atrial fibrillation/flutter, both in
males and females. In particular, the prevalence
of persistent atrial fibrillation is increased in type
2 diabetes'!, and conversely diabetes represents
a risk factor for mortality among patients with
atrial fibrillation'>!*. However, the role of atrial
fibrillation may be underappreciated by analyses
based only on the UCOD. In the present study,
atrial fibrillation/flutter was rarely selected as the
UCOD, but was mentioned in nearly 10% of death
certificates among diabetic subjects. The MCOD
analysis showed a significant increase in the risk

6704

of death associated with atrial fibrillation com-
pared to regional reference rates.

The present study has different strengths: stan-
dardized coding of death certificates, the large
number of subjects, and the use of both UCOD
and MCOD for classifying the cardiovascular
causes of death. The limitations of the study are
the lack of distinction between type 1 and type 2
diabetes and the absence of clinical variables such
as the severity of diabetes. In fact, it has been re-
cently demonstrated that type 2 diabetes patients
who have not only glycated hemoglobin, but also
additional cardiovascular risk factors (low-densi-
ty lipoprotein cholesterol, albuminuria, smoking,
and blood pressure) within target ranges, have
similar rates of death and cardiovascular events
as the general population'.

At a global level, it is estimated that cardiovas-
cular diseases are responsible for about half of all
deaths in the subjects with type 2 diabetes'>. How-
ever, the data from several studies carried out in
high-income countries suggest a decline in the
mortality associated with cardiovascular diseases
among people with diabetes!®, possibly due to im-
provements in the control of cardiovascular risk
factors”. In the US, from 1988-1994 to 2010-2015
the deaths from vascular causes declined from
44.5% to 30.9% of overall mortality among dia-
betic subjects®, mainly due to a decrease in deaths
from ischemic heart and cerebrovascular diseas-
es'”. Nonetheless, due to the ageing of the diabet-



Estimating the real burden of cardiovascular mortality in diabetes

ic population and with the emergence of several
vascular and non-vascular comorbidities (includ-
ing renal disease, infections, and cancers)', addi-
tional metrics are needed to measure the burden
of mortality associated with the complications of
diabetes.

Conclusions

In our view, the present data are important
since they well suit the concept of multimorbid-
ity, that is, the co-occurrence of multiple chron-
ic conditions in the same person'®. The patient
with diabetes is emblematic in this respect, as
he sums up many chronic cardiovascular com-
plications that may act simultaneously. The mul-
timorbidity dimension of diabetes may impact
impressively on mortality, with many different
conditions all of which may provide a relevant
contribution to the risk of death'’. Therefore, we
suggest that additional approaches, including
analyses of all conditions mentioned in the death
certificates, should be adopted to estimate the
real burden of cardiovascular mortality of this
common disease.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Fepeu U, Zoprint G, GoLboni CA, Avossa F, MASTRAN-
GeLo G, Sauco M. Multiple causes of death analy-
sis of chronic diseases: the example of diabetes.
Popul Health Metr 2015; 13: 21.

2) DpE MArco R, LocaTeLLl F, Zoprrint G, VERLATO G, Bono-
rA E, MuGceo M. Cause-specific mortality in type
2 diabetes. The Verona Diabetes study. Diabetes
Care 1999; 22: 756-761.

3) GrecG EW, CHENG YJ, SRINIVAsAN M, LiN J, Gerss LS,
ALBRIGHT AL, ImPErATORE G. Trends in cause-specif-
ic mortality among adults with and without diag-
nosed diabetes in the USA: an epidemiological
analysis of linked national survey and vital statis-
tics data. Lancet 2018; 391: 2430-2440.

4) Zorrini G, FepeLl U, ScHievano E, DAuriz M, TARGHER
G, Bonora E, Cormi MC. Mortality from infectious
diseases in diabetes. Nutr Metab Cardiovasc Dis
2018; 28: 444-450.

5) Worp HeatH Oracanization. International statisti-
cal classification of diseases and related health
problems. 10th revision, edition 2010. Volume 2 —
Instruction manual.

6) Rao C, Doi SA. Measuring population-based
diabetes-related mortality: a summary of
requirements. J Clin Epidemiol 2013; 66:
237-238.

7) MicHA R, Pealvo JL, CubHeA F, IMAMURA F, Renm CD,
MozarrariaN D. Association between dietary fac-
tors and mortality from heart disease, stroke, and
type 2 diabetes in the United States. JAMA 2017;
317: 912-924.

8) Lu TH, AnbersoN RN, KawacHi I. Trends in frequen-
cy of reporting improper diabetes-related cause-
of-death statements on death certificates, 1985e
2005: an algorithm to identify incorrect caus-
al sequences. Am J Epidemiol 2010; 171: 1069-
1078.

9) YamaaisHi SI. Sex disparity in cardiovascular mor-
tality rates associated with diabetes. Diabetes
Metab Res Rev 2018: €3059. doi: 10.1002/dm-
rr.3059.

10) Awmrock SM, AsraHAM CZ, JuNG E, Morris PB, SHAP-
iro MD. Risk factors for mortality among individu-
als with peripheral arterial disease. Am J Cardiol
2017; 120: 862-867.

11) BewL DSH, Goncalves E. Atrial fibrillation and type
2 diabetes: prevalence, etiology, pathophysiolo-
gy and effect of anti-diabetic therapies. Diabetes
Obes Metab 2019; 21: 210-217.

12) LeunG M, vAN RoseNDAEL PJ, ABou R, AJMONE MARSAN
N, Leung DY, Dercabo V, Bax JJ. The impact of atri-
al fibrillation clinical subtype on mortality. JACC
Clin Electrophysiol 2018; 4: 221-227.

13) Perera KS, Pearce LA, SHARMA M, BENAVENTE O, CON-
NoLly SJ, Hart RG. Predictors of mortality in pa-
tients with atrial fibrillation (from the Atrial Fibrilla-
tion Clopidogrel Trial with Irbesartan for Preven-
tion of Vascular Events [ACTIVE A]). Am J Cardi-
ol 2018; 121: 584-589.

14) RAwsHANI A, RAWsHANI A, FRANZEN S, SATTAR N, ELIAs-
SON B, Svensson AM, ZetHeiius B, MiFTARA) M, Mc
GuirRe DK, RoseNGREN A, GuDBJORNSDOTTIR S. Risk fac-
tors, mortality, and cardiovascular outcomes in
patients with type 2 diabetes. N Engl J Med 2018;
379: 633-644.

15) EiNarsoN TR, Acs A, Lubwic C, Panton UH. Preva-
lence of cardiovascular disease in type 2 diabe-
tes: a systematic literature review of scientific ev-
idence from across the world in 2007-2017. Car-
diovasc Diabetol 2018; 17: 83-102.

16) Haroing JL, Pavkov ME, Macuano DJ, SHaw JE,
Grecgc EW. Global trends in diabetes complica-
tions: a review of current evidence. Diabetologia
2019; 62: 3-16.

17) CHenG YJ, ImperaTorRe G, Geiss LS, SAvpaH SH, Al-
BRIGHT AL, Au MK, Grecc EW. Trends and dis-
parities in cardiovascular mortality among U.S.
adults with and without self-reported diabetes
mellitus, 1988-2015. Diabetes Care 2018; 41:
2306-2315.

18) EMERGING Risk FACTORS COLLABORATION, DI ANGELANTO-
NIo E, KAPTOGE S, WoRrMSER D, WILLEIT P, BUTTERWORTH
AS, BAnsaL N, O’Keerre LM, Gao P, Woob AM, Bur-

6705



U. Fedeli, E. Schievano, G. Targher, E. Bonora, M.C. Corti, G. Zoppini

GEss S, FrReimaGg DF, PenNeLLs L, Peters SA, Hart CL,
HAHEM LL, Gitum RF, NorRDESTGAARD BG, Psaty BM,
Year BB, KNuIMAN MW, NIeTERT PJ, KAUHANEN J, SA-
LoNEN JT, KuLLer LH, SimoNns LA, VAN DER ScHouw
YT, BARRETT-CONNOR E, SELMER R, Crespo CJ, RoDRI-
GUEZ B, VERSCHUREN WM, SALoMmAA V, SVArRDsuDD K,
VAN DER HARsT P, BiOrkeLunD C, WILHELMSEN L, WAL-
LACE RB, BRrRenNER H, AmouyveL P, BArRrR EL, Iso H,
ONAT A, TrevisaN M, D’AcosTino RB, Coorer C, Ka-
vousl M, WELIN L, RousseL R, Hu FB, Sato S, Davib-
soN KW, HowarD BV, LEeENING MJ, LEENING M, ROSEN-
GREN A, DOrrR M, DeeG DJ, KiecHL S, Stenouwer CD,
NissiNEN A, GiAmpPAOLI S, DoNFRANCEScO C, KROMHOUT
D, Price JF, Peters A, MeaDe TW, CAsIGLIA E, LAWLOR

19)

DA, GALLACHER J, NAGEL D, FRanco OH, AssMANN G,
DAGeNAls GR, JUKEMA JW, SUNDSTROM J, \WOODWARD
M, BRUNNER EJ, KHAw KT, WAREHAM NJ, WHITSEL EA,
NuoLstAD |, HEDBLAD B, W/ASSERTHEIL-SMOLLER S, ENG-
STROM G, RosamonD WD, SewviN E, SATTAR N, THOMP-
soN SG, DanesH J. Association of cardiometabol-
ic multimorbidity with mortality. JAMA 2015; 314:
52-60.

CHIANG JI, Jant BD, MaRr FS, NicHoLL Bl, FURLER J,
O’'NEeaL D, Jenkins A, CoNDRON P, MANski-NANKERVIS
JA. Impact of multimorbidity count on all-cause
mortality and glycaemic outcomes in people with
type 2 diabetes: a systematic review protocol.
BMJ Open 2018; 8: e021100.



