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ABSTRACT

Aim. - To describe current practices of glucose-lowermegtments in people with diabetes
and chronic kidney disease (CKD), the associatagtogle control and hypoglycaemic
symptoms, with an emphasis on sex differences.

Methods. Among the 3033 patients with CKD stages 3 to 5Suiéed into the French CKD-
REIN study, 645 men and 288 women had type 2 digbahd were treated by glucose-
lowering drugs.

Results - Overall, 31% were treated only with insulin %28vith combinations of insulin and
another drug, 42% with non-insulin glucose-loweritiggs. In CKD stage 3, 40% of patients
used metformin, 12% at stages 4&5, similar for rmad women; in CKD stage 3, 53% used
insulin, similar for men and women, but at stag&S,%69% of men and 77% of women used
insulin. Patients were reasonably well controllegith a median HbAlc of 7.1%
(54 mmol/mol) in men, 7.4% (57 mmol/mol) in womeR € 0.0003). Hypoglycaemic
symptoms were reported by 40% of men and 59% of evprthey were not associated with
the estimated glomerular filtration rate, nor walbuminuria or with HbAlc in multivariable
analyses, but they were more frequent in peopbeadewith insulin, particularly with fast-
acting and pre-mixed insulins.

Conclusion - Glucose-lowering treatment, HbAlc and hypogiro& symptoms were sex
dependent. Metformin use was similar in men and amnbut unexpectedly low in CKD
stage 3; its use could be encouraged rather thsortiey to insulin. Hypoglycaemic
symptoms were frequent and need to be more closelyitored, with appropriate patient-

education, especially in women.

Key words: Chronic kidney disease; Epidemiology; Glucose damg treatments;

Hypoglycaemia; Sex; Type 2 diabetes
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Introduction

The prevalence of type 2 diabetes is still incregsit an alarming rafd] and while
the incidence may have slowed in some developedhtdes, this may not be the case
everywhere. Indeed globally, one in 11 adults habetes in 2017, but type 2 diabetes has
not been diagnosed in more than half of these peapid is often only recognised after
diabetes complicationfl]. Further in the United States, fewer than 20% ofppeavith
diabetes and chronic kidney disease (CKD) stages 8are aware of their kidney disease
[2]. Diabetes is reported to be the most frequentecati €KD worldwide[3], as well as for
end stage renal disease (ESRB) In France, 42% of people starting renal replacement
therapy have diabetes, and 22% have diabetic neatimg5]; the incidence is still rising 4%
annually in people with type 2 diabetgs]. With improvements in the diagnosis and
treatment of diabetes, the prevalence of diabetéisinerease and the prevalence of its
complications CKD and ESRD, may also incre§ge There is an enormous financial,
societal and personal burden from diabetes comitmand from CKD in particuldB]. In
France in 2009-2010, the average monthly cost ®R[E$anged from 7300 € for in-centre
haemodialysis to 1.100 € for a functioning renalfg®].

Treatment of diabetes in people with CKD is not@em and it is a fine balance
between glucose control and the risk of hypoglydaeidettige and Coopdd.0] cite three
mechanisms that link renal impairment and hypogyaia: 1) the increase in insulin half-life
as insulin clearance declines with renal impairme@taltered renal glycogenesis, thus an
impaired counter regulatory response against hypagimia; 3) altered pharmacodynamic
and pharmacokinetic response to glucose-loweringgdr

Recommendations for glucose-lowering therapies mig@e CKD stag¢ll-13], and
so glucose control and hypoglycaemia may diffeloadiog to stage. There is no mention of

sex in these recommendations even though renahsisdevelops differently in men and
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women[14]. A systematic analysis of data across the wortdvshithat women have a higher
prevalence of CKD than men, and this differencadases with agél5]. However, the
prevalence and incidence of ESRD are higher in th@m in women, and this may be
because of the faster decline of eGFR in ifi&). Equally there are sex differences in the
pathophysiology of type 2 diabet¢s7]. Thus, we might expect that treatment patterns,
glucose control and frequency of hypoglycaemia waliffer between sexes.

This report focuses on sex differences and desctibe current practice of glucose-
lowering treatments and the associated glucoseraloanhd hypoglycaemic symptoms, in
people with type 2 diabetes and CKD stages 3 tat Bhe time of inclusion in the French
Chronic Kidney Disease-Renal Epidemiology and Imfation Network (CKD-REIN) cohort

study in 2013-2016.

RESEARCH DESIGN AND METHODS

Study population

CKD-REIN is a 5-year cohort study of 3033 patiemis)east 18 years of age, with
CKD stages 3 to 5 (estimated glomerular filtratrate (€eGFR) < 60 ml/min/1.73m2 but not
undergoing maintenance dialysig)8]. CKD-REIN is part of the international CKDopps
study [19]. GFR was estimated by the CKD-EPI equation, and Citayes are defined
according to the Kidney Disease Improving Globaltd@mes (KDIGO) report$20,21]
Patients were recruited from 40 nationally représtére nephrology outpatient clinics, and
patients signed an informed consent. The studypobtwvas approved by the French Institute
of health and medical research (INSERM) InstituioReview Board (IRBO0003888) and is

published on ClinicalTrials.gov (NCT03381950).
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This report is a cross-sectional study of the 988ppe with type 2 diabetes included
in the CKD-REIN cohort, who had data availablerefusion on eGFR, HbAlc and glucose-
lowering medications (detailed information on stugiusion criteria are shown in the Flow
Chart of Supplementary Fig. S1; see supplementary mateasssciated with this article on
line). Information about the type of diabetes and ireait was from medical records or
reported by the patient. Some patients were scdeah@clusion as having diabetes, but as
they did not have a glucose-lowering treatmenty tive not included in these analyses.

The frequency of self-reported hypoglycaemic sym was available for 871 of

these 933 patients.

Measures

At inclusion, data were available on age, sex, hiigeight, waist circumference,
blood pressures. Routine biological analyses (thiny HbAlc, fasting glucose, creatinine,
lipids) were from local laboratoriesAlbuminuria stages follow KDIGO report criteria
[20,2] and were based on urinary albumin to creatinagoy protein to creatinine ratio,
albumin excretion rate or protein excretion ratecgse definitions are given in Stengel et al.
[22]. Clinical research associates abstracted fromicakdecords the patients’ clinical
characteristics, duration of diabetes, medicatidhs, presence of cardiovascular disease
(coronary heart disease, stroke, transient ischeattack, congestive heart failure,
dysrhythmia, peripheral vascular disease, aorgysm, valvular heart disease) and during
an interview documented smoking habits, years atation, whether patient had consulted a
diabetologist over the past year, whether the patieeded help to understand prescriptions
and medical documents, and compliance in taking icaédns, based on the Girerd
questionnaire, that is validated in the French lagg[23]; good compliance was defined by

negative answers to all six questions.
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The frequency of hypoglycaemic symptoms was sg@bred by patients at study
inclusion, in response to the question:

Have you felt faint or dizzy due to a lack of sugarhypoglycaemia?
with possible responses: do not know, never, less bnce per month, once a month, at least

once every two weeks, at least once a week.

Statistical analyses

Characteristics of our population are presentednbgians (quartiles) or % (n), and
men and women were compared by Wilcoxorxdtests. Missing values for covariates in
multivariable analyses have been replaced by thdiang(quantitative variables) or by the
modal value or a “missing” category (qualitativeighles).

The percentages of patients treated by variousoge#owering therapies across CKD
stages were analysed by a Cochran-Armitage trestdThe relationship between whether a
patient was prescribed insulin (y&s no) with eGFR and sex was analysed by logistic
regression, including an interaction between eGBERa @ontinuous variable and sex, with
adjustment for age (< 68> 65 years) and diabetes duration (in quartilesAHbwas also
included in a model as a possible modifier of thiation.

The associations between the HbAlc level as theomg and potential determinants
were analysed by linear regression models; thedotieon between sex and glucose-lowering
regimen (only non-insulin, combination insulin andn-insulin, only insulin) was tested,
after adjusting for eGFR (as a continuous varigbég)e and diabetes duration (both in
quartiles)

Odds ratios (95%CIs) were determined for the oetwe of self-reported
hypoglycaemic symptoms (at least one repoxtgaone), in univariate then multivariable

logistic regression analyses; multivariable analyiseluded variables witR < 0.20 from the
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univariate analyses, with eGFR and albuminuriaestagced into the model. Sex interactions
were tested one-by-one for eGFR, glucose-lowerggmen and HbAlc in models adjusted
on these three variables as well as onzieyears. For the patients treated with insulie, th
final model for hypoglycaemia was repeated, replg¢he insulin regimen variable with two

binary variables, fast-acting insulin (includingeprix and combinations with other

treatments) (yes, no) and non-insulin therapy (gek,

For the various treatment combinations, we pregendifference in the percentages
of patients with hypoglycaemic symptoms for: 1) pleotreated with insulin, comparing
those withvs without non-insulin drugs; 2) people treated with specific non-insulin drugs,
comparing those withvs without insulin treatment. The differences in m@etages are
presented with 95% confidence intervals and contpaith X2 tests. A sensitivity analysis
was carried out for self-reported hypoglycaemic gioms at least once a month.

Data analyses used SAS version ®.4alues < 0.05 were considered to be statistically

significant, and all hypothesis tests were 2-sided.

Results

Population characteristics at inclusion

Of the 933-people studied in this report, 69% ween. While men and women had
the same median age, the body mass index (BMI)3a&akg/mz2 higher in women, and more
were obese and morbidly obesEalfle ); men and women had the same median waist
circumference. Men had more years of education tkamen, but men and women were
equally compliant in taking their medication anduimderstanding their prescriptions.

The cause of kidney disease was diabetic nephrppat2% of patients. Women had
a lower eGFR than men (30.2 vs 32.0 ml/min/1.73 im3} men and women were similarly

distributed across CKD stages. More men than wowene in the highest albuminuria stage
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(43% vs 31%). About two-thirds of the participahtsd consulted a diabetologist in the last
12 months. The patients were reasonably well cbattomen had a median HbAlc of 7.1%
(54 mmol/mol), women 7.4% (57 mmol/mol). Women tadbnger diabetes duration and
they reported hypoglycaemic symptoms more oftem timen (57% vs 40%), but fewer
women had cardiovascular disease despite simikguéncies being treated for blood

pressure and lipids.

Glucose-lowering treatments

The most common treatments used were fast- combivigd long-acting insulin
(16%), followed by repaglinide alone (11%)aple 1. There were 110 different
combinations of glucose-lowering treatments. Tresatts were similar in men and women,
excepting for insulin that was more frequently usedwomen, who were more often
prescribed fast- and long-acting insulifigle IlI).

With declining kidney function, insulin and repamtle use increased, while GLP-1
and particularly metformin and sulfonylurea userdased Fig. 1 andSupplementary Table
S1; see supplementary materials associated wihatticle on ling In CKD stage 3, 40% of
patients used metformin, 12% at stages 4&5, sinfidaimen and women; in CKD stage 3,
53% used insulin, similar for men and women, bustages 4&5, 59% of men and 77% of
women used insulinXr = 0.0094), after adjusting for age65 years and diabetes duration;
this result remained after further adjustment farAHic (Piner = 0.022). For other glucose-
lowering drugs, there were no sex interactions.

Monotherapy tended to increase in both men and womeross CKD stages
(Supplementary Table S2; see supplementary matesalsciated with this article on line

with insulin use increasing with CKD progressiomr Ffnen and women on insulin therapy
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alone, the use of fast- and long-acting insulirseased across CKD stages, while pre-mixed
insulin use increased only in men.

HbAlc was not associated with eGFR nor with albumé@stage but increased with
age, diabetes duration and insulin treatment, wittend towards a higher HbA1c in women

than men treated with insuliRifr = 0.10).

Hypoglycaemic symptoms

There were equivalent percentages of self-repongabglycaemic symptoms for
CKD stages 3A, 3B, 4 and 5: 43%, 45%, 46%, and 46%pectively. In multivariable
analysis, self-reported hypoglycaemic symptoms weteassociated with HbAlc, eGFR nor
with albuminuria stage but were more frequent inm&a, those under 65 years, those
needing help to understand prescriptions, peopleompliant in taking medications, those
with a longer duration of diabetes, and with thecgke-lowering regimen: the odds ratio of
hypoglycaemic symptoms were more than doubled apleeusing insulin compared to those
using only non-insulin therapiegTable 1V). There were no sex interactions for
hypoglycaemic symptoms with eGFR, glucose-loweragymens or HbAlc.

For the 521 patients treated with insulin, 56% r&gab hypoglycaemic symptoms,
with equivalent frequencies for fast-acting and-miged insulins and lower frequencies for
intermediate- and long-acting insulifigable V). Comparing the 271-people treated only with
insulin with the 250 people also treated with nosdiin therapies (combined therapy), the
frequencies of hypoglycaemic symptoms were mainmtyilar, but with some differences
according to the type of insulin treatment: morgdglycaemic symptoms for pre-mixed
insulin combined with a non-insulin treatment, &er hypoglycaemic symptoms for long-
acting-insulin when combined with non-insulin treants Table V). Patients treated with a
fast-acting insulin (including pre-mixed} other forms of insulin had an adjusted odds ratio

(95%Cl) of 3.35 (2.07, 5.40) for hypoglycaemic syops, and additional treatment with
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non-insulin drugs\s insulin alone), had an increased risk of hypogiyo&E symptoms with
an odds ratio of 1.60 (0.99, 2.59).

The frequencies of hypoglycaemic symptoms for pedmated by the six classes of
non-insulin treatments ranged between 39% and 4Bé6e was no difference between the
two sub-groups of sulfonylureas, grouped accordmgheir propensity for hypoglycaemia
(48% vs 38%,P = 0.21) [Table V). However, comparing patients witts without insulin
therapy, the frequencies of hypoglycaemic symptdorsGLP-1, metformin and DPP4
inhibitor users were higher when they also hachanlin treatment.

For the 20 most common combinations of glucose-towgetherapies shown in
Table II, the frequencies of hypoglycaemic symptoms wes @0 more for five treatment
combinations and under 20% only for four non-insulieatments. Given the diversity of
treatment at inclusion in this study, the numbeessmall in this analysis.

We repeated the analyses with self-reported hypagiyic symptoms occurring at
least once during a one-month period, recordedli# &f our population Jupplementary
Table S3; see supplementary materials associatddthis article on ling The principal
factors associated with hypoglycaemic symptoms Hig approach were again sex and
glucose-lowering regimen. Neither eGFR, nor theumlimuria stage were associated with
hypoglycaemic symptoms, although there was a tfen@ higher HbAlc to be associated

with fewer symptoms.

Conclusions

This study highlights several sex-specific diffeves in treatment pattern, diabetes
control and the risk of hypoglycaemic symptoms gtignts with type 2 diabetes and

moderate to advanced CKD. Women were more oftextiedewith insulin than men, despite
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similar eGFR and age and they more often reporigmbdiycaemic symptoms, even after
adjusting for the glucose-lowering regimen, eGFResity and HbAlc. Symptoms were
reported more in people using insulin and insuia increased with declining renal function.
However, they were not associated with declining kidney functi@ven in univariate
analyses. As expected, and in line with the varimecommendations on the treatment of
diabetes in CKJ11-13] the use of the major non-insulin therapies, matfor sulfonylurea
and GLP-1 decreased with declining renal functieaying repaglinide and insulin as the
chosen therapies. However, there was a surprisioglyuse of metformin in stage 3 CKD in

both sexes.

Glucose-lowering treatment

Women may be more often treated with insulin tha@nnbecause their median
HbAl1c is 0.3% (3 mmol/mol) higher than men, as veslla longer standing diabetes (by 4
years) and a higher BMI (by 3.3 kg/m?). They mayntmre insulin resistant and thus glucose
control is more difficult to attain than for ment diagnosis of type 2 diabetes, women have a
higher BMI than meifi24], and there may be tracking of BMI after diabetiegaosis. These
post-menopausal women may have acquired more nsegistance during their treatment
for diabetes. Further, women’s body compositionnges dramatically with menopause, and
the lack of estrogens is associated with fat mzddilon from periphery to the trurik7]. This
fat mobilization in women may be associated withidametabolic alterations of glucose
homeostasis that need reinforced glucose-lowehegapy. Men and women had equivalent
waist circumferences, but we have not measureddhgarative distributions of visceral and
subcutaneous fat or ectopic renal and liver fabtep

The higher mean BMI in these women may also bee@laith weight gain due to

insulin therapy or to non-insulin therapies asdedavith weight gain such as sulfonylurea,
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repaglinide and DPP4 inhibitofd1]. Other studies indicate that insulin treatmeniisre
frequent in women with type 2 diabetes, albeittodhe same extent as in our stigy-27].

For people with type 2 diabetes in the ObEpi stdyn the general French
population, 8.3% of women were morbidly obese (BM40 kg/m?), 3.4% of mefR8]; the
corresponding prevalences in CKD-REIN patients warech higher, 20% and 6.5%
respectively. The average age in ObEpi was 66 yealittle younger than in CKD-REIN,
with a shorter duration of diabetes. Insulin wasspribed for 15%, metformin for 70%, and a
sulfonylurea or glinide for 44%; this contrastsiwWiEKD-REIN, where, combining men and
women in CKD stage 3, more than 50% were treatdil wsulin, 40% with metformin, 50%
with a sulfonylurea or glinide. Thus, even at CKiage 3, there appears to be a reluctance to
treat with metformin and a preference for insulerapy. In France in 2013, during the 6
months prior to dialysis of patients with diabet68% were treated with insulin, 8% with
metformin 33% with sulfonylureas or glinidgX9]; these frequencies are similar to those for
patients in stages 4&5 in our study: 63%, 12% atfb 4espectively.

The distribution of glucose-lowering therapies hasady been studied in the context
of CKD [30-32], but not according to sex. Treatment patterns rgdigefollow the
recommendations from professional bodi@3]: for metformin, the dose should be reduced
in CKD stage 3B and stopped at stage 4 becauséheofrisk of lactic acidosis; for
sulfonylurea, the recommendations differ accordimghe specific molecule and caution is
advised because of the risk of hypoglycaemia andeded as recommendedL]],
gliclazide/glipizide were used more frequently thglibenclamide/glimepiride (9.1% vs
5.5%) (Table Ill); repaglinide had a lower risk for hypoglycaenfiart sulfonylurea in most
studies, but conservative treatment is recommemole@KD stage 4; DPP4 inhibitor dose

should be adjusted according to CKD stage and Gtreatment is not recommended beyond
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CKD stage 3. Repaglinide was used in 36% of patienitCKD stages 4&5, but we do not
have information on the doses that were used.

A Canadian data-linkage study investigated 144 2&ients with diabetes and CKD
and the changes in glucose-lowering drugs ovetahe/ear period from 2004 to 20130].
Despite the fact that these patients were older thase in CKD-REIN, similar patterns were
seen. Insulin use increased from 23% in stage 3#6% in stage 5, metformin declined from
71% to 6% use. Over the study period, 2004-20JX8ute of insulin remained stable over all
CKD stages, metformin use increased for stagesr®iA38 and remained stable for the other
CKD stages. The follow-up of the CKD-REIN cohortlivénable us to follow such temporal
changes in treatment.

In our study population, HbAlc was not associatéti @GFR, nor with albuminuria

stage, but a higher HbA1c was associated with imstdatment.

Hypoglycaemic symptoms

Self-reported hypoglycaemic symptoms concerned 4%%atients in our study; they
were associated with insulin treatment and wereenfogquent in women. Indeed, when
insulin was associated with the non-insulin thezapiGLP-1, metformin, DPP4 inhibitors,
the hypoglycaemic symptoms were significantly mioeguent.

Among patients treated only with non-insulin théeap 30% reported hypoglycaemic
symptoms and this increased to 66% for patientddcewith a fast-acting insulin; eGFR and
albuminuria stage were not associated with hyp@gyac symptoms.

Other larger studies have found a relation betw@i€b stage and hypoglycaemia. In the
Canadian health care linked data bases cited al3®ewith over 44 000 person years of
follow up, the incidence rates of “hospital encaustwith hypoglycaemia” increased with

eGFR, but they involved more severe hypoglycaethaa bur study34]. Other studies have
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shown that eGFR, CKD or CKD stages 4&5 are riskdiecfor hypoglycaemia, but indeed,
no study seems to have investigated the effeaf3s-37].

From the patient perspective, hypoglycaemia mayideed as having an impact on early
mortality, cardiovascular disease, quality of lifsick-leave, lower productivity, with
hypoglycaemic episodes constraining treatment gitieation and patient compliance to

treatment, leaving patients open to the consequsesfogoor glycaemic contr¢88].

Strengths and limitations

One of the forces of this study is the large numdbiepatients recruited from a
representative sample of French nephrology serviEgtensive data have been collected
according to a strict protocol, medications haverbearefully noted and codé¢t8,22] and
there are limited missing data. The results webeisbwhen we analysed data for patients for
whom all co-variables were available (n=644). Cample size was limited by the fact that
we did not have information for all patients abdisbetes type, diabetes treatment or HbAlc
or on whether they had hypoglycaemic symptoiit®e glomerular filtration rate was not
measured, but estimated by an equation, which roapenaccurate in obesit$9], leading to
misclassification of CKD stages and perhaps to arly entroduction of insulin therapy,
particularly in women, and so to the more frequepisodes of hypoglycaemic symptoms.
Moreover, assays were from the patients’ local dlatmwies. Nevertheless, the eGFR values
are the ones routinely used to classify patientoraing to CKD stages. There are few
patients with stage 5 CKD (n=34), and thus the eanigeGFR may limit the power to find
associations. Another limitation is that we onlywéaelf-reported hypoglycaemic symptoms
with no corresponding validation of glucose levétss possible that some hypoglycaemic
episodes may not have been reported or not nogives the advanced age of some patients

who may have a reduced awareness of hypoglycagfjaBias if any, would therefore be
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an underestimation of hypoglycaemic symptoms. Wihiée people with type 2 diabetes that
we study are representative of people with typaabetes attending nephrology outpatient
clinics, there will be some people with diabeted artompromised renal function who do not
attend such clinics.

Finally, the data we report is cross-sectional, wadawait prospective data from this
cohort to be able to follow patients’ treatmentshwglucose-lowering therapies along with
the decline in kidney function and the onset ofdearascular events. Further, hospital

admissions for hypoglycaemia will be available dgrfollow-up.

In conclusion

Given the array of treatments used at inclusiothia cohort, it would appear that
more precise clinical guidelines may aid physiciemthe treatment of such patients, and that
metformin could be used more frequently in CKD st&gpatients - more than half of them
are currently using insulin with the concomitarskrof hypoglycaemia. Considering the age
and the frailty of these patients, the glycaemiotcm was satisfactory. Indeed, a recent
Cochrane Review questions the 7% HbAlc target fmh spatientg41]. Physicians had
already taken sex into account, as men and womee treated differently, and insulin was
the preferred treatment as kidney function declinedpecially in women. To avoid
hypoglycaemia, patient education is essential aleith collaboration among specialists
within the medical profession - generalists, nefduists and diabetologists - in prescribing

glucose-lowering treatments, particularly insulin.
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FIGURE LEGEND

Fig. 1. Glucose-lowering treatments in men and women aaugrid CKD stage. Note that
many patients use a combination of treatments, ttheipercentages shown add to more than
100%. Insulin use increased across CKD staggs.{= 0.05 in men,Pyeng < 0.0001 in
women), GLP-1 decrease®ytng = 0.0004 in menPyeng = 0.007 in women), repaglinide
increasedRyeng= 0.03 in menPyend = 0.05 in women), metformin decreas@ge(q< 0.0001

in men,Pyeng < 0.0001 in women), sulfonylureas decreadgdn(= 0.0003 in menPyend =
0.0001 in women). The CKD-REIN Cohort Study
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Tablel

Characteristics (median (quartiles), or %) of peopith chronic kidney disease stages 3 to 5 and

type 2 diabetes, according to sex. The CKD-REIN&bS8tudy

All Men Women
n=033 n=645 n=288 P-valuer
General characteristics
Age (years) 71 (66-77) 71 (66-77) 71 (65-77) 0.79
Age> 65 year 78% 79% 76% 0.3C
BMI (kg/m?) 31.2 (27.8-35.5) 30.3 (27.6-34.2) 3829.4-38.7) <.0001
Obese (BME30 kg/m?) 59% 53% 72% <.0001
Morbidly obese (BM>40 kg/n?) 10% 6.5% 20% <.0001
Waistcircumference (cn 111 (10122 111 (10121 111 (10:-122) 0.7¢
Understanding prescriptions 75% 75% 73% 0.43
Education <.0001
< 9years 22% 16% 37%
9to< 12 years 51% 52% 49%
>12 years 27% 32% 14%
Compliance, score Girerd 30% 30% 32% 0.52
Kidney related variables
eGFR (CKD-EPI) (ml/min/1.73 m?2) 31.6 (23.4-40.1)  .(B223.8-41.3) 30.3 (22.9-37.1) 0.034
By CKD stages 0.2¢
Sage 3A eGFR 45-59 16% 17% 13%
Stage 3B eGFR 30-44 38% 38% 38%
Sage 4 eGFR 15-29 42% 41% 45%
Sage5 eGFR< 15 3.€% 3.3% 4.5%
Diabetic nephropath 52% 52% 51% 0.8C
Albuminuria stages 0.0001
Normal 20% 19% 26%
High 30% 28% 32%
Very high or nephrotic 42% 46% 31%
missing 8.0% 6.8% 11%
Albuminemia < 35 g/L 19% 17% 24% 0.027
Hemoglobin < 11 g/d 11% 7.8% 17% <.0001
Diabetesrelated variables
Consulted a diabetolog 54% 53% 55% 0.4€
missing 22% 22% 23%
HbA1c (%) 7.1(6.4-7.9) 7.1(6.4-7.8) 7.4 (6.5-8.3) 0.0003
HbAlc (mmol/mol) 54 (46-63) 54 (46-62) 57 (48-67) .0@03
By class 0.000¢
<6.0% (<42 mmol/mol) 10% 11% 7%
6.0-6.9% (42-52 mmol/mol) 33% 34% 32%
7.0-7.9% (53-63 mmol/mol) 33% 35% 29%
>8.0 % (>64 mmol/mol) 24% 20% 32%
Fasting glucose (mmol/ 7.4 (5.¢8.9) 7.5 (6.(-8.8) 7.2 (5.7-9.2) 0.8€
Diabetes duration if known (years) 16 (10-24) 16-2B) 19 (11-27) 0.0032
Hypoglycemic symptoms (n=871) 45% 40% 57% <0.0001
Self-monitoring of glucost 0.03:
Never 14% 15% 11%
Not every day 18% 20% 15%
Every day 68% 65% 74%
Retinopath 28% 26% 31% 0.11
Cardiovascular disea 67% 71% 58% 0.000:
Cardiovascular risk factors
Blood pressur> 130/85 mmHg (% 81% 80% 84% 0.1¢
Blood pressure lowering treatment 97% 96% 98% 0.31
Triglycerides (mmol/L) 1.9(1.4,2.7) 1.9(1.3,p.6 1.9(1.4,2.8) 0.19
HDL cholesterol (mmol/L 1.1(0.9,1.2 1.1(0.9,1.3 1.2(1.0,1.5 <.0001
Lipid lowering treatment (% 78% 7% 76% 0.4k

* P-values compare men and women: Wilcoxon ghtests



Tablell

Description (% (n)) of glucose-lowering drug combinations used (n=933) and the
corresponding frequencies of hypoglycaemic symptoms (n= 871) when 10 or more patients
were treated by a combination of glucose-lowering therapies. The CKD-REIN Cohort Study

Treatment Hypoglycaemic

combinations symptoms

n=933 n=871

% (n) % (n)
Only non-insulin therapy 42% (388) 40% (350)
Repaglinide only 11% (99) 35% (31)
Metformin only 6% (57) 19% (10)
DPP4 inhibitors only 5% (46) 11% (4)
Repaglinide and DPP4 inhibitors 4% (36) 38% (12)
Sulfonylurea only 2% (22) 16% (3)
Metformin and DDP4 inhibitors and Sulfonylurea 2% (20) 60% (12)
Metformin and Sulfonylurea 2% (18) 33% (5)
Metformin and DDP4 inhibitors 2% (17) 21% (3)
DPP4 inhibitors and Sulfonylurea 2% (14) 17% (2)
Repaglinide and Metformin and DPP4 inhibitors 1% (12) 42% (5)
Other (20 combinations) 5% (47) 39% (18)
Combination insulin and non-insulin ther apy 28% (259) 29% (250)
Long-acting insulin and Repaglinide 6% (57) 40% (22)
Long-acting insulin and Repaglinide and DDP4 inhibitors 2% (16) 33% (5)
Long- and Fast-acting insulin and Metformin 2% (16) 63% (10)
L ong-acting and Metformin and Sulfonylurea 1% (10) 40% (4)
Long- and Fast-acting insulin and Repaglinide 1% (10) 60% (6)
Other (63 combinations) 16% (150) 61% (88)
Only insulin therapy 31% (286) 31% (271)
Fast- and Long-acting insulin 16% (147) 66% (91)
Pre-mixed insulin only* 5% (42) 46% (18)
Long-acting insulin only 4% (34) 24% (8)
Fast-acting and Pre-mixed insulin* 2% (20) 67% (12)
Fast-acting insulin only 2% (14) 57% (8)
Other (7 combinations) 3% (29) 62% (18)

* Pre-mixed: |ntermediate- with fast-acting



Tablelll
Distribution, % (n), of glucose-lowering therapiagpeople with type 2 diabetes and chronic
kidney disease stages 3 to 5, by sex. The CKD-REdNort Study

All Men Women "
n=933 n=645 n=288 P-value

Glucose-lowering regimen 0.01
Only non-insulin therapy 42% (388) 45% (288) 35% (100)
Combination insulin theraj 28% (259 27% (175 29% (84
Only insulin therap 31% (286 28% (182 36% (104

Number of glucose-lowering drugs 0.84
Monotherapy 55% (516) 55% (355) 56% (161)
Bitherapy 28% (258 27% (177 28% (81
Tritherapy or mor 17% (159 18% (113 16% (46

Glucose-lowering ther apies, treated by

at least, either alone or in combination
Insulin 58% (545 55% (357 65% (188 0.004
Fas-acting 29% (267) 25% (162) 37% (105) 0.000¢
Intermediate-acting 3.5% (33) 2.9% (19) 4.9% (14) .140
Pre-mixed 12% (108) 11% (71) 13% (37) 0.42
Long-actinc 44% (406) 41% (267) 48% (139 0.051
GLP-1 4.6% (43 3.9% (25 6.3% (18 0.11
Repaglinide 33% (305) 34% (218) 30% (87) 0.28
Metformin 27% (253) 27% (177) 26% (76) 0.74
DPP4 inhibitor 24% (224 26% (165 21% (59 0.0¢
Sulfonylure: 15% (136 16% (102 12% (34 0.11
Glibenclamide or Glimepiride 5.5% (51) 5.9% (38) 4.5% (13) 0.39
Gliclazide or Glipizide 9.1% (85) 9.9% (64) 7.3% (21) 011
Acarbost 3.1% (29 3.7% (24 1.7% (5 0.11

* P values compare men and womghtests
" Pre-mixed = Intermediate- with fast-acting insulin



TablelV

Odds ratios (95% confidence intervals) of patiemerted hypoglycaemic symptoms

from n=871 patients according

to covariates poddigti associated with

hypoglycaemic symptoms. The CKD-REIN Cohort Study

Univariate analysis

Multivariable analysis

OR (95%Cl) P-value

OR (95%CI) __ P-value

General Characteristics
Womenvs Men

Age>65 year

Obese (BM>30 kg/r?)
Understanding prescriptions
Education

< 9years

9to< 12vs< 9years
>12vs< 9years
Compliance

Kidney related variables

1.99 (1.48,2.66)  <.0001

0.62 (0.45,0.8¢  0.003:
1.56 (1.19,2.0¢ 0.001¢
0.69 (0.51,0.94)
0.61
1 (ref)
0.88 (0.63,1.2¢
0.83 (0.56,1.22)

0.52(0.38,0.70)  <.0001

eGFR (per 5 ml/min lower eGFR/1.73 m?) 1.02 (0.9B)1 0.57
1.79 (1.36,2.33) <.0001 1(B27,1.80) 0.078

Diabetic nephropathy
Albuminuria stage
Normal

High

Very high or nephrotic
missing

Haemoglobin <11 g/d
Albuminemia < 35 g/dL

Diabetesrelated variables
Consulted a diabetolog
No

Yes

Missing

Diabetes duration (yea
<10

10-15

15-23

>24

Missing

Glucose-lowering regimen
Only non-insulin therapy
Combination insulin therapy
Only insulin therapy

HbA1c (%)

<6.0% (<42 mmol/mol)
6.0-6.9% (42-52 mmol/mol)
7.0-7.9% (53-63 mmol/mol)
>8.0 % (>64 mmol/mol)

0.11
1 (ref)
1.22 (0.83,1.80)
1.33(0.92,1.91)
1.96 (1.13,3.4:
1.40 (0.90,2.1¢ 0.14
1.26 (0.87,1.84) 0.22

0.01:
1 (ref)
1.63(1.16,2.28)
1.25(0.84,1.8}

1 (ref) <.0001
1.74 (1.11,2.73)
2.73(1.74,4.2¢
2.89 (1.85,4.5(
1.63(0.97,2.73)

<.0001
1 (ref)
2.74 (1.95,3.8¢
3.21 (2.24,4.35)

0.0064
0.67 (0.40,1.1:
1 (ref)
1.13(0.81,1.56)
1.59 (1.11,2.27)

1.86 (1.34,2.58) 02000
0.59 (0.41,0.88  0.00¢
1.18(0.87,1.61 0.2¢

0.0180.69 (0.49,0.97) 0.033

0.49 (0.35,0.63).0001

0.97 (0.91,1.04) 0.37

0.4z
1 (ref)
1.21 (0.79,1.85)
1.11 (0.73,1.68)
1.65 (0.89,3.0¢
0.93 (0.57,1.5¢ 0.7¢

0.94
1 (ref)
1.02 (0.69,1.49)
0.95 (0.61,1.4¢

1 (ref) 0.007

1.43 (0.88,2.32)
2.39 (1.46,3.9:
2.01(1.22,3.3:

1.51 (0.87,2.64)

<.0001

1 (ref)
2.18 (1.47,3.2:

2.68 (1.81,3.98)

0.40

0.63(0.36,1.1:
1 (ref)

0.80 (0.56,1.16)

0.84 (0.56,1.26)




TableV

Percentages (n/N) of patients with a self-repottiggdoglycaemic symptoms according to
treatment with glucose-lowering drugs, where nhis humber of reported hypoglycaemic
symptoms in N patients. The CKD-REIN Cohort Study

All treatment with I Wlth_outl_ Differencein% o o
combinations non-insulin non-insulin (95% Cl) -value
treatment(s)  treatment(s)

Insulin, treated by a

. . 56% 54% 57%
Ieast,_e|tt_1er alone or il (290/521) (135/250) (155/271) -3 (-12,5) 0.46
combination
, 66% 68% 66%
Fast-acting (170/256) (48/71) (1221185) 2 (11.19) 0.80
. . 55% 67% 44%
Intermediate-acting (18/33) (10/15) (8/18) 22 (-11,55) 0.20
. 63% 76% 58%
Pre-mixedt (64/101) (22/29) (42/72) 18 (-2,37) 0.098
. 54% 50% 60 %

Long-acting (211/389) (102/206)  (109/183) ~10(20.0) 0.047
trgated by at Iea;l All treatment With insulin W'th.OUt Differencein % *
either alone or in combination treatment insulin 95% ClI P-value
combination ihations treatment (%0 C1)

48% 63% 28%
GLP-1 (20/42) (15/24) (5/18) 35(6.63) 0.026
- 42% 46% 38%
Repaglinide (120/288) (61/133) Go/s5)  ° (419 0.18
. 43% 57% 32%
Metformin (103/242) (58/101) (45/141) 26 (13,38) <.0001
R 39% 51% 33%

DPP4 inhibitors (78/201) (34/67) (44/134) 18 (4,32) 0.014
41% 51% 37%

Sulfonylureas (52/126) (20/39) (32/87) 15 (-4,33) 0.13

Glibenclamide or  48% 64% 40%

Glimepiride (24/49) (9/14) (15/35) 24(-6,54) 012

Gliclazide or 38% 44% 35%

Glipizide (2977) (11/25) (18/52) 9(-14.33) 0.43
43% 46% 40%

Acarbose (12/28) (6/13) (6/15) 6 (-31,43) 0.74
All treatment With insulin YX;T%M Differencein% b, 1 e *
combinations treatment (95% ClI)

treatment
Any glucose-lowering 45% 56% 30%
drug(s) (395/871) (290/521)  (105/350)  26(19.32) <0001

* P-value for x?-tests compare the difference in percentages whoglycaemic symptoms according to

treatment

T Pre-mixed = Intermediate- with fast-acting insuli





