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Abstract

Aim: Diabetes mellitus and chronic kidney disease (CKD)
commonly co-occur. Control of glycaemia is nuanced, and
should be individualised. The Diabetes Renal Telehealth
Project identified 2,356 adults with diabetes and CKD, and
evaluated determinants and patterns of HbA1¢ in order to
identify under-treatment or potential over-treatment of
glycaemia.

Method: Comprehensive review of GP diabetes registers by
the clinical investigators.

Results: The study subjects (52% male, 48% female) were
aged 77 years (range 19-103) with median estimated
glomerular filtration rate 52 (range 3-171) mL/min and me-
dian albumin to creatinine ratio 34 (range <0.05-1428)
mg/mmol. 81% were solely managed in primary care.
Median HbA1¢ was 57 (range 10-148) mmol/mol (7.4% (3.1-
15.7%)) and at the 58 mmol/mol target in 64%. Anaemia
was present in 31%. 22% were solely on dietary manage-
ment, 29% on insulin therapy (6 in 10 of whom were also on
additional agents) and 19% were on sulfonylurea (8 in 10 of
whom were on additional agents excluding insulin). Patterns
of HbA1c over 2 years were stable for 44%, variable in 19%,
rising in 12% and improved in 8%. The 13% initially consid-
ered at increased hypoglycaemic risk based on HbA1c mea-
sures alone had worse renal function and were more
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frequently anaemic (both p<0.0005), and 83% were treated
with insulin and/or sulfonylureas. Hypoglycaemia hospital
admissions were low with 10 people admitted over the
study period. There was a reduction in age with increasing
quintiles of HbA1¢, and those with HbA1¢ >75 mmol/mol
(9.0%) were youngest (mean age 68 years, p<0.001).
Conclusions: The majority of people with diabetes and CKD
are elderly and managed in primary care, with anaemia in
31%, potentially affecting HbA1c interpretation. latrogenic
hypoglycaemic risk was identified in 10%, with suboptimal
glycaemic control (HbA1c >9% (75 mmol/mol)) through
under-treatment in 9%. This study uncovered unmet
clinical need, requiring both escalation and de-escalation of
glycaemic therapies.
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Introduction

Diabetes mellitus is the commonest accompaniment of chronic
kidney disease (CKD) that progresses to end stage renal failure,
with increasing incidence through the impact of obesity and age-
ing."* Classification of CKD that takes account of declining
estimated glomerular filtration rates (eGFR) (G1-5) and increas-
ing urinary albumin creatinine ratios (ACR) (A1-3) has been
widely adopted (Figure 1).* Management of hyperglycaemia in
diabetes with CKD is complex.> Outside the documented benefit
of sustained improvements in glycaemic control in type 1 dia-
betes on renal outcomes, there is evidence that intensive gly-
caemic control with insulin and insulin secretagogues in type 2
diabetes may be associated with increased mortality, especially
in CKD.®7 Assessment of integrated glycaemic control relies on
measurement of glycated haemoglobin (HbA1¢). At a population
level the impact of anaemia and renal disease on interpretation
of HbA1c may be less than had been presumed.® However,
HbA1¢ levels are reduced with shortened red cell half-life, and
this and more advanced CKD (G3b or worse) may limit interpre-
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Figure 1. Classification of chronic kidney disease (CKD). Patients are classified as G1-G5, based on the eGFR, and A1-A3 based on
the ACR. eGFR estimated glomerular filtration rate; ACR, albumin to creatinine ratio. Adapted from: NICE. Chronic
Kidney Disease (Partial Update): Early Identification and Management of Chronic Kidney Disease in Adults in Primary and
Secondary Care. London: National Institute for Health and Care Excellence, 2014. Available at: http:Avww.nice.org.uk/cg182.

Albuminuria stage, description and range

A1 A2 A3
Normal to mildly Moderately Severely
increased increased increased
<3 mg/mmol 3-29 mg/mmol >30mg/mmol

GFR stages, Stage 1 | Normal or >90
descriptions | (G1) High
and range
(ml/min per | gtage 2 | Mildly 60-90
1.73m?) (G2) decreased
Stage 3 | Mildly to 45-59
(G3a) moderate
decreased
Stage 3 | Moderately | 30-44
(G3b) to severely
decreased
Stage 4 | Severely 15-29
(G4) decreased
Stage 5 | Kidney <15
(G5) failure

tation of HbA1¢ %' Treatment with iron and erythropoietin may
reduce HbA1c with no changes in glycaemic control.'? In elderly
patients aged >75 years where CKD is more common, low HbA1¢
levels may be a marker of malnutrition and frailty, both of which
increase mortality.”® Advanced renal disease may promote spon-
taneous hypoglycaemia with reduced renal gluconeogenesis
and/or malnutrition.' The risk of severe hypoglycaemia is in-
creased in elderly patients with CKD,'™'® who have increased
mortality rates."”” The majority of ambulance hypoglycaemia call
outs are amongst elderly people on insulin and, to a lesser extent,
sulfonylureas.''® Qver-treatment with insulin and sulfonylureas
carries an increased risk for hypoglycaemia when eGFR is reduced
in the elderly requiring effective dose reduction,?® and newer
classes of therapy promoted with renal benefit are currently not
licensed in more advanced CKD, particularly sodium glucose co-
transporter 2 inhibitors (SGLT 2 inhibitors). Appropriate target
HbA1c among people with diabetes and CKD requires a more
cautious approach for those with diabetes and CKD aged >75
years.?!

The last English National Diabetes Audit (NDA) that focused on
renal function in more than 800,000 people with type 2 diabetes
dates back to 2007-2008. Over 42% had renal dysfunction, based
on reduced eGFR <60 mL/min and increased albumin creatinine
ratios (>3 mg/mmol).2? The mean recorded HbA ¢ fell with progres-
sive renal insufficiency from 65 mmol/mol (8.1%) with normal renal
function to 53 mmol/mol (7.0%) at stage 5 CKD. The current HbA1¢
Quality and Outcome Framework (QOF) target for primary care in
the UK of 58 mmol/mol (7.5%)? was achieved in 68% overall but
increased to 77% attainment at stage 5A2 CKD.?'
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The majority of diabetes management currently takes place in
primary care, and this is likely to include the bulk of those with CKD
given that the majority of older people with CKD are managed in
that setting.*

The ENHIDE diabetes renal telehealth project was a 2-year pilot
project that set out to establish the feasibility of data extraction from
primary care diabetes registers of those with CKD, with subsequent
telehealth virtual review and primary care education. One specific
objective was to evaluate the extent of unmet clinical need across a
range of biomedical metrics, including glycaemia management.2*

The current study examines the distribution of HbA1¢ across a
primary care diabetes cohort, and the relationship with age,
anaemia and degree of renal impairment. One objective was to
identify the frequency of individuals on treatment with the greatest
hypoglycaemia potential where HbA1¢ values might indicate en-
hanced hypoglycaemia risk. We also assessed the extent of unequiv-
ocally chronic hyperglycaemic status and examined HbA1¢ patterns
over a period of 2 years.

Methods

The ENHIDE diabetes renal telehealth project has been outlined
in detail elsewhere?* (see Appendix at www.bjd-abcd.com). In-
formation from diabetes registers was extracted from all those
with eGFR <60 mL/min and/or ACR >10 by individual practices
and compiled by the project manager, with subsequent diabetes
consultant clinical review. The ACR threshold was selected to
identify unambiguous abnormal albuminuria excretion within the
CKD A2 category. East and North Hertfordshire is a relatively
affluent part of England with pockets of deprivation. The popu-
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lation is currently supported by 55 separate general practices.
We initially identified 20 practices that covered the six localities
with a spread of deprivation index to ensure the study cohort
was representative of the wider population. The deprivation
score was available for practice localities based on the Index of
Multiple Deprivation (IMD) 2015 scores from Public Health Eng-
land's National General Practice Profiles.2> The IMD in East and
North Hertfordshire ranged from 6.7 to 27.1 (mean 13.3) and
practices in the ENHIDE renal diabetes study had deprivation
scores ranging from 7 to 21. In the current study, 16 practices
with the most comprehensive available data were analysed as
the other four used different laboratories and information sys-
tems.

The most contemporary HbA1¢, eGFR, ACR, haemoglobin (Hb)
and assessment for anaemia was used to categorise individuals,
and up to 2 years data prior to the most recent measures. In addi-
tion, diabetes medications and any treatment for anaemia were
recorded up to 3 months prior to the most contemporary HbA1¢
measurement through review of information on the practice down-
loads or through access to Summary Care Records.

We categorised clinically significant changes if HbA1¢ had
consistently increased or decreased by more than 10% in the
antecedent 2 years compared with the most up-to-date result.
If such a change had taken place inconsistently, this was cate-
gorised as variable glycaemic control. If HbA1c had ranged within
10% or less of the most up-to-date value, glycaemia control was
considered stable. The change of 10% took account of biolog-
ical and analytical variability and recognition this was clinically
meaningful. At least three measures were used to make this
judgement, and at least 3 months had to have elapsed between
the most contemporary and previous measurement. HbA1¢
values were separated into categories to identify potential ex-
tremes of glycaemic control.

Potential hypoglycaemia risk was categorised for those on in-
sulin and/or insulin secretagogues whose most recent HoA1¢ value
was <50 mmol/mol (6.7 %) and/or where the HbA1¢ value was <40
mmol/L (5.8%) regardless of diabetes treatment, unless there was
an identified analytical basis for the low HbA1c.

The population was categorised into five quintiles of HbA1¢ and
the characteristics of those with HbA1¢ >75 mmol/mol (9.0%) were
studied in more detail.

Anaemia was documented as contemporary Hb <110 g/L. If Hb
had been recorded at this value in the previous 2 years but treated
with a rise to >110 g /L, this was recorded as treated anaemia.

Hospital admissions with hypoglycaemia over the 2 years before
baseline measures were recorded using the hospital administration
system in East and North Hertfordshire NHS Trust (Bed In-patient
Management System (BIMS)). In addition, subsequent hospital
admissions up to 2 years after baseline were recorded in those iden-
tified with potential hypoglycaemia risk.

Ethical approval

This pilot was approved by the Clinical Commissioning Group
(CCG) Caldecott Guardian. Ethical approval was not required
given this was an extension of clinical care to implement national
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guidelines and part of commissioned integrated diabetes
services.

Results

Diabetes and CKD (contemporary eGFR <60 mL/min and/or ACR
>10 mg/mmol from initial case review) were identified in 23%
(n=2,356) of adults on the practice diabetes registers. Of these,
81% were solely managed in primary care, 14% attended the
hospital or community specialist diabetes services (2% of whom
also attended specialist renal services) and 5% only attended the
specialist renal services in East and North Hertfordshire NHS
Trust. The vast majority (n=2,236 (95%)) were coded as type 2
diabetes, 106 (4.4%) as type 1 diabetes, one with mitochondrial
diabetes and 13 (0.6%) had no diagnostic coding for the type
of diabetes. Separation of those without type 2 diabetes did not
alter the findings and have been included in the analyses. Of the
2,356 identified initially, only 7% were subsequently found to
have eGFR >60 mL/min and ACR <10 mg/mol, with marginal
changes outside the initial thresholds for categorisation as CKD.

Complete basic demographic and HbA1¢ data including 2-year
trends were available in 95-99.8%, with blood pressure measures
available in 91% and albuminuria measures in 70%. HbA1c data
were not available in four cases, eGFR in 42 cases and trends in
HbA1¢c and eGFR were not available in 92 and 679 cases, respectively.

The median age of the cohort was 77 years (mean 75, range
19-103), 52% were male, 48% were female, eGFR was 52 (3-171)
ml/min and ACR was 34 (<0.05-1428 mg/mmol). Within the over-
all cohort, 48% had a body mass index (BMI) >30, Hb was 128
(47-177) and was <110 g/L in 15%. A further 16% had recorded
anaemia on treatment and the most up-to-date Hb was >110 g/dL.
Thus, 31% had documented anaemia.

There were 310 (13%) with ‘'normal’ GFR >60 mL/min whose
ACR was >10 mg/mmol, 1,127 (48%) with CKD 3a and either
normal or raised ACR >10 mg/mmol, 516 (22%) with CKD3b and
either normal or raised ACR, and 245 (10%) with CKD 4 or worse.
A small proportion (n=165 (7%)) were identified by practices as
suitable for inclusion based on previous eGFR and/or ACR, but at
the time of data review had eGFR >60 mL/min and/or ACR <10
mg/mmol. For the purposes of data analysis, they were included in
this current report given variable renal function within the category
for original inclusion. Trends in eGFR were available for 1,677 cases
over 2 years and were judged to be deteriorating in 23%, improv-
ing in 9%, stable in 35% and variable in 33%.

Median HbA1c was 57 (range 10-148) mmol/mol) (7.4% (3.1-
15.7%). The low value of 10 mmol/mol (3.1%) was in an individual
with progressive autoimmune haemolytic anaemia. The current UK
National QoF target (58 mmol/mol (7.5%)) was attained in 64%.
Those with HbA1c <50 mmol/mol (6.7%) were more likely to be
under primary care (89% vs 59-86% in the other HbA 1 categories
(p<0.001, Table 1).

The average deprivation index value for England of 12.5 was
considered as a threshold, and 10 of the participating practices had
an IMD score >12.5 (mean 13.7). Using the IMD deprivation index
as a grouping variable by practice in the regression modelling, we
found no effect on HbA1¢, eGFR and BMI.
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Table 1 Care setting by HbA1c category (n=2,352)

<49 mmol/mol 50-58 mmol/mol

(n=849) (n=644)
Hospital specialist team
(Diabetes/Renal) 10% (85) 13% (81)
Community-led services 1% (7) 1% (8)

Primary care 89% (757)* 86% (555)

Four had no HbA1¢ recorded. *p<0.001 compared with other categories.

Table 2 Treatment of 2,356 individuals with diabetes and CKD

Treatment No %

Diet alone 508 22%
Insulin + additional therapies 690 29%
Metformin + additional therapies (excluding insulin or SU) 615  26%
SU + additional therapies (excluding insulin) 458 19%
DPP4 inhibitors + SGLT2I 75 3%
Other (monotherapy pioglitazone, GLP-1, SGLT2I) 10 0%

CKD, chronic kidney disease; SU, sulfonylurea; SGLT2I, sodium glucose
co-transporter 2 inhibitors; GLP-1, glucagon-like peptide-1, DPP4 inhibitors,
dipeptidyl peptidase-4 inhibitors.

When considering the regression modelling of HbA1¢, only age
showed consistently in the model (p<0.001). The overall goodness
of fit was 8.3% with age alone and 9.3% when BMI, cholesterol
and eGFR were included in the model (p=0.006). Thus, age was the
main predictor of HbA1, with a clear inverse relationship.

The breakdown of treatment for diabetes is shown in Table 2.
Diet therapy alone was significantly more frequent in the cohort
with HbA1c <50 mmol/mol (6.7%) (47 % vs 0.7-14%; p<0.001).

Of those on insulin, 40% were on no other treatment, 37%
were on additional metformin and/or dipeptidyl peptidase 4 (DPP
4) inhibitors and, less commonly, pioglitazone or SGLT 2 inhibitors,
15% were on sulfonylureas (usually with additional oral therapy)
and 8% were also on glucagon-like peptide-1 (GLP-1) analogue
therapy (usually with additional oral therapy).

Of those on sulfonylureas without insulin, this was monotherapy
in 18%, dual oral therapy in 41%, triple or quadruple oral therapy
in 36% and in addition to GLP-1 analogue therapy (usually with
other oral agents) in 5%.

There was no difference in mean Hb levels across the HbA1¢ cat-
egories; 46% of anaemic people with an HbA1c <50 mmol/mol
were managed with diet alone and 25% received insulin and/or sul-
fonylurea therapy. There was an inverse relationship between HbA1c
and age, which was lowest in the cohort with HbA1c >75 (9.0%)
(age 68 years), representing 281 (12 %) of the total population stud-
ied (p=<0.001; Figure 2).

Glycaemic control was judged stable in 44%, variable in 19%,
rising in 12%, improved in 8% and 13% initially considered at
increased hypoglycaemic risk. Due to lack of comparative HbA1¢
data, trends were not possible to determine in 4%.
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59-67 mmol/mol 68-75 mmol/mol >75 mmol/mol

(n=388) (n=190) (n=281)
21% (80) 27% (52) 29% (83)
4% (15) 5% (9) 12% (33)

75% (293) 68% (129) 59% (165)

Figure 2. HbA1c distribution and mean age in 2,352
patients with diabetes and chronic kidney disease
90 % -= Mean age
sof 2 77
73 -
70- 68
607
% 507
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>75
(67% (6774% (7583% (849% (9.0%)
HbA1c mmol/mol (%)

Table 3 Treatment among potential hypoglycaemia subgroup

(n=308)
Treatment No %
Diet alone 32 10%
Insulin + additional therapies (including SU) 145  47%
Metformin + additional therapies (excluding insulin or SU) 19 6%
SU + additional therapies (excluding insulin) 110 36%
DPP4 inhibitors + SGLT2I 2 1%

SU, sulfonylurea; SGLT2I, sodium glucose co-transporter 2 inhibitors;
DPP4 inhibitors, dipeptidyl peptidase-4 inhibitors.

The 13% (n=308) considered to have an increased hypogly-
caemia risk were predominantly managed with insulin and/or
sulfonylureas in 83% of cases (Table 3). Those identified with
‘increased hypoglycaemic risk’ had significantly worse renal function
and were more frequently anaemic (both p<0.0005). Their median
age was 77 years and the proportion with more advanced CKD (3b
or worse = 44%) was significantly higher than the overall group
(32%) (mean eGFR in hypoglycaemia risk group vs others 46.2 vs
52.9 mL/min, p<0.001), and. 0.5% had CKD 5. Anaemia was pre-
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Table 4 Treatment regime among those managed in specialist
care with HbA1c =75 mmol/mol (9.0%)

Treatment (under specialist care) N=116 %

Diet 0 0%
Insulin alone and or other therapies 96 83%
Metformin plus other therapies (but not on insulin or SU) 6 5%
SU plus other therapies (but not insulin) 13 11%
DPP-4 inhibitors 1 1%

SU, sulfonylurea; DPP4 inhibitors, dipeptidyl peptidase-4 inhibitors.

Table 5 Medication among those managed in primary care
with HbA1¢ =75 mmol/mol (9.0%)

Treatment (under primary care) N=165 %

Diet 2 1%
DPP-4 inhibitor and/or SGLT2I 3 2%
Insulin alone and/or other therapies 75 45%

Metformin plus other therapies (but not on insulin or SU) 26 16%
SU plus other therapies (but not insulin) 59 36%

SU, sulfonylurea; DPP4 inhibitors, dipeptidyl peptidase-4 inhibitors;
SGLT2I, sodium glucose co-transporter 2 inhibitors.

sent in 123 (40%) of those considered at hypoglycaemia risk, and
0.1% had Hb <80 g/L. 46% were managed with diet alone for at
least 3 months prior to the relevant HbA1¢ measure and 25% were
on insulin and/or sulfonylurea therapy. Consequently, no more than
10% of the overall study group were considered at iatrogenic
hypoglycaemic risk from insulin and/or sulfonylureas.

The cohort of 281 people whose HbA1c was >75 mmol/mol
(9.0%) were more frequently under specialist care than those
with other categories of HbA1c (41% vs 11-32%, p<0.001).
Diabetes care for 30% of this high-risk group was provided by
the hospital specialist diabetes team, 11% by the community
diabetes specialist nurse-led team and 59% were managed by
primary care. The breakdown of therapy by location of care is
shown in Tables 4 and 5. Slightly fewer than 34% (n=92) of
these had anaemia (Figure 3), but detailed evaluation of iron
status was not available. However, 60% (n=55) of these cases
were on treatment that included iron supplements leading to
corrected Hb values >110 g/L. The management of the cohort
differed by location of care with more on insulin (71% vs 37.5%)
and fewer on sulfonylureas (11% vs 36%) if under specialist care
(both p<0.001). The majority had BMI >30 (56%), but only 7%
were receiving treatment with a GLP-1 analogue and 11% were
on SGLT2 inhibitors.

There was a difference in CKD classification across the range of
HbA1c groupings, driven by those with HbA1c >75 mmol/mol
(9.0%), where the proportion with less advanced CKD was highest
(p<0.001). Regardless of HbA 1 status, the majority in each HbA1c
band were managed solely in primary care (81%). Those with more
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Figure 3. Haemoglobin distribution (g/L) among patients
with HbA1¢ >75 mmol/mol (9.0%)
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Table 6 eGFR CKD category by setting of care (n=2,314)

CKD 1+2 CKD3a CKD3b CKD 4+5

(n=426) (n=1,127) (n=516) (n=245)
Hospital specialist team 19% 7% 17% 53%
(Diabetes/Renal) (81) (78) (88) (129)
Community-led services 4% 2% 4% 3%

(16) (26) (22) @)
Primary care 77% 91% 79% 44%

(329) (1,023) (406) (109)

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease.

advanced CKD (G3b or worse) were managed more frequently in
primary care than in specialist care (68% vs 32%, p<0.001),
especially those with CKD stage 3b (Table 6).

Hospitalisation with hypoglycaemia over the 2 years before and
after data capture was identified in 20 (0.8%) individuals (24
episodes) of the total cohort of 2,356. Of these, only 10 were
identified as having an increased hypoglycaemia risk on the basis
of HbA1¢, five were considered to have stable HbA1¢, two were
felt to have improving HbA1¢, two variable and one rising values.

Discussion
This study offers an insight into factors underlying patterns of
HbA1c in a cohort with diabetes and CKD predominantly under
primary care. A previous study suggested that only 30% of peo-
ple with CKD and diabetes are managed in primary care.?® With
comorbidity more common amongst the elderly, it is not surpris-
ing that the majority (81%) were managed in this setting in the
current study.

The current cross-sectional study records contemporary care in
a geographically defined area with fairly comprehensive data
capture and retrospective records for up to 2 years. Individualised
patient review was enabled through this approach. The absence of
comprehensive information in four general practices is unlikely to
have materially altered the findings.

We identified two important subgroups who required de-
escalation or alternatively intensification of glycaemia management
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— namely, those with a potential risk of hypoglycaemia and those
with excessively high levels of HbA1c.

To our knowledge this approach has not been undertaken pre-
viously, although can be compared with renal data from the NDA.™
In that report 42 % of the population had renal dysfunction. In the
current study the prevalence was 23%, using a higher cut-off for
ACR, to ensure only unambiguous abnormal albumin excretion was
identified.

Comparison of current data with the earlier NDA data demon-
strates no greater HbA1c QoF target attainment over 10 years,
although levels of HbA1¢ fell with reducing eGFR in both studies.
Several factors may account for these observations, which are
exclusive to the notion that the lower values reflect ‘better’ gly-
caemic control. Frailty and malnutrition can lead to lower levels of
HbA1c."> The mean age was 66 years in the NDA study and 75
years in the current study. This may have been a factor in the ob-
served numbers with low HbA1c. Assessment for hypoglycaemia
unawareness was not recorded in primary care records.

The impact of anaemia on HbA1¢ values is relevant. The preva-
lence of treated and untreated anaemia in the current study totalled
31%, in line with previous reports.®'® Anaemia in CKD can lead to
lower HbA1¢ values through increased red cell turnover, although
iron deficiency anaemia is associated with higher levels of HbA 1.
We found that anaemia and lower HbA ¢ values were more preva-
lent amongst the older cohort aged >75 years. Often anaemic peo-
ple with an HbA1c <50 mmol/mol were managed with diet alone
(46%). Only 25% were on insulin and/or sulfonylurea therapy, sug-
gesting low HbA1¢ values were not reflective of iatrogenic hypo-
glycaemia in most cases, although detailed information on the type
of anaemia was lacking. It is more likely that, unless there was hy-
poglycaemia as a consequence of frailty, malnutrition and reduced
gluconeogenesis, the majority were close to normoglycaemic values
as only 0.5% had CKD 5 where spontaneous hypoglycaemia can
occur. An earlier report suggested that, at a population level, HbA1c
may be misleadingly low as a result of that level of anaemia and
CKD in less than 1%,8 and only 0.1% had Hb <80 g/L in this current
study.

The HbA1¢ threshold of 50 mmol/mol (6.7 %) to identify possi-
ble hypoglycaemia risk took account of the targets for type 1 and
type 2 diabetes in the Association of British Clinical Diabetologists
(ABCD) Renal Association (RA) guidelines for managing glycaemia
in kidney disease.?® Although the risk of hypoglycaemia is not solely
identified through low HbA1¢ values, marked glycaemic variability
and hypoglycaemia with high HbA1¢ values are more reflective of
type 1 diabetes, who were a small minority in the current study.

The primary concern with older people with CKD is of vul-
nerability to iatrogenic hypoglycaemia without de-escalation of
therapy. This is reflected in the preponderance of older people
requiring ambulance assistance for hypoglycaemia through
insulin treatment and, to a lesser extent, sulfonylureas.’>'? In the
current study, overall 49% were on insulin and/or sulfonylureas,
often with the majority on additional diabetes therapy. Only 122
(5%) of these had HbA1c <50 mmol/mol and were considered
at risk of hypoglycaemia. Dose reduction to mitigate this risk is
an important consideration.
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All cases were evaluated to enable detailed glycaemic review
with expectation of de-escalation of therapy to reduce the risk of
hypoglycaemia and attainment of HbA1¢ values >50 mmol/mol
(6.7%). This is in contrast to reports that have evaluated established
hypoglycaemia and/or hypoglycaemia ambulance call outs, who
more often were elderly with CKD.'8' Without clearly defining the
therapeutic regime and other factors such as anaemia and whether
on diet alone, the individualised approach recommended in the
2018 ABCD RA guidelines?® will not target those at highest hypo-
glycaemia risk by relying solely on HbA1c. We did not identify a
major burden of hypoglycaemia admissions through HbA 1 values
alone. Integrated diabetes care in East and North Hertfordshire
since 2010 has focused on potential hypoglycaemia risk. This may
have encouraged some de-escalation of therapy to minimise the
risk of ambulance hypoglycaemia call outs.

However, documentation on discharge summaries of hospital-
isation with hypoglycaemia is not accurate, and there may have
been additional cases not coded for such an outcome.™ We only
recorded admissions within our own acute trust. In addition, many
patients with ambulance call outs for hypoglycaemia are not con-
veyed to hospital.™

The 2018 ABCD RA guidelines®® do not emphasise that HbA1¢
targets of <50 mmol/mol (7.5%) may be appropriate in older peo-
ple with CKD who are solely managed by diet, with corroborative
blood glucose monitoring data to provide reassurance there is no
hypoglycaemia.

HbA1c values over 2 years frequently plateaued, but clinically
significant variability was identified in 19%, highlighting the need
for repeat measures for optimal management. By contrast, 12%
had worsening and 8% improved HbA1c patterns.

We also identified 281 people (12%) whose HbA1¢ was higher
than 75 mmol/mol (9.0%) Most were not anaemic and were the
youngest cohort overall, in whom current guidelines recommend
additional efforts to improve glycaemia to an HbA1¢ target of <68
mmol/mol.?° The majority were solely under primary care with a
clear unmet need, reflecting previously reported therapeutic
inertia.?” The majority had BMI >30 (56%) but only 7% were
receiving treatment with a GLP-1 analogue and 11% were on
SGLT2 inhibitors. Glycaemic management in CKD is recognised as
challenging, with contraindications, dosing and current licensing
limitations.2® Recommendations for wider use of SGLT2 inhibitors
should change in the future in light of evidence of renoprotection,
independent of glycaemic-lowering effects.

Diabetes, ageing and obesity can all lead to falsely lower eGFR
than true GFR measurement, potentially leading to over diagnosis
of CKD,?223% with implications for restrictions in certain diabetes
therapies.

The NDA in 2008 and subsequent years has reported a wide
spectrum of socioeconomic deprivation, which can increase adverse
metabolic and renal measures.>?'3" In the current report there was
no relationship between these measures and those practices with
higher deprivation index, but without individual deprivation status
we cannot conclusively conclude that deprivation did not impact
on the findings.

We did not document frailty status, and the impact of this and
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Key messages

e The assessment of glycaemic control by measurement
of HbA1c in people with diabetes and kidney disease
must be interpreted taking consideration of anaemia
and diabetes medication

e Up to one in five people with diabetes and chronic
kidney disease require escalation or de-escalation of
their diabetes medication

related low HbA1¢ values on mortality cannot reliably be examined
in a cross-sectional study. However, it is recognised that low HbA1¢
is common in advanced CKD where there is a U-shaped mortality
curve potentially explained by hypoglycaemia.?? Very low HbA1c
(<40 mmol/mol) (5.8%)), regardless of whether attributable to ia-
trogenic or spontaneous hypoglycaemia, malnutrition, frailty,
anaemia or advancing CKD, carries a poor prognosis.

Based on the need to address hyperglycaemia and avoid hypo-
glycaemia, we identified an important unmet clinical need in
current practice in almost 20% with diabetes and CKD within this
study cohort. The changing patterns of HbA1c and identified
potential hypoglycaemia risk demonstrated the requirement for reg-
ular surveillance of glycaemic management plans, not least when
renal function deteriorates, necessitating changes in either dosage
or class of diabetes therapies.

In summary, this approach to data collection and individual vir-
tual review enabled a more focused assessment of glycaemic con-
trol. Given the challenge of providing care to very large numbers,
alternative models better using clinical information are required to
risk stratify care, recognising that glycaemic management is just one
requirement for holistic individualised care of the complex multi-
morbid nature of diabetes with CKD.>

Conflict of interest: PHW has received honoraria for delivering
educational meetings and/or attending advisory boards for Astra
Zeneca, BI, Eli Lilly, MSD, Napp, Sanofi, Novo and Vifor Pharmaceu-
ticals.

Funding: This project was funded by the East and North Hertford-
shire Clinical Commissioning Group with additional support from an
unrestricted medical education grant from Sanofi Aventis towards
diabetes specialist nurse salary costs.

References

1. Steenkamp R, Caskey F. UK Renal Registry 18th Annual Report: Chapter
6. Comorbidities and current smoking status amongst patients starting
renal replacement therapy in England, Wales and Northern Ireland from
2013 to 2014. Nephron 2016;132(Suppl 1):145-54. http://dx.doi.org/
10.1159/000444820

2. Ellam T, Twohig H, Khwaja A. Chronic kidney disease in elderly people:
disease or disease label. BMJ 2016;352:h6559. https://doi.org/10.1136/
bmj.h6559

3. Hill CJ, Cardwell CR, Maxwell AP, et al. Obesity and kidney disease in
type 1 and type 2 diabetes: an analysis of the National Diabetes Audit. Q
J Med 2013;106:933-42. https://doi.org/10.1093/gjmed/hct123

136

20.

21.

22.

Kidney Disease Outcomes Quiality Initiative (KDOQI). Clinical practice
guideline for diabetes and CKD: 2012 update. Am J Kidney Dis 2012;
60:850-86. https://doi.org/10.1053/j.ajkd.2012.07.005

Winocour PH. Diabetes and chronic kidney disease: an increasingly com-
mon multi-morbid disease in need of a paradigm shift in care. Diabet
Med 2018;35:300-5. https://doi.org/10.1111/diabetese. 13564
Shurraw S, Hemmelgarn B, Lin M, et al. Association between glycemic
control and adverse outcomes in people with diabetes mellitus and
chronic  kidney disease. Arch Intern Med 2011;171:1920-7.
https://doi.org/10.1001/archinternmed.2011.537

Papademetriou V, Lovato L, Doumas M, et al. Chronic kidney disease and
intensive glycaemic control increase cardiovascular risk in patients with
type 2 diabetes. Kidney Int 2015;87:649-59. https://doi.org/
10.1038/ki.2014.296

Borg R, Persson F, Siersma V, et al. Interpretation of HbA1c in primary
care and potential influence of anaemia and chronic kidney disease: an
analysis from the Copenhagen Primary Care Laboratory (Coplab)
database. Diabet Med 2018;35:1700-6. https:/doi.org/10.1111/
dme.13776

English E, Idris I, Smith G, et al. The effect of anaemia and abnormalities
of erythrocyte indices on HbATc analysis: a systematic review. Diabetolo-
gia 2015;58:1409-21. https://doi.org/10.1007/s00125-015-3599-3

. Raja UY, Chan J, Radford E, et al. The prevalence of anaemia in diabetes

with stage 3 chronic kidney disease: a retrospective analysis. BrJ Di-
abetes  Vasc  Dis  2011;11:259-61.  https://doi.org/10.1177/
1474651411417139

. Inoue K, Goto A, Kishimoto M, et al. Possible discrepancy of HbA1c val-

ues and its assessment amongst patients with chronic renal failure,
hemodialysis and other diseases. Clin Exp Nephrol 2015;19:1179-83.
https://doi.org/10.1007/5s10157-015-1110-6

. Ng JM, Cooke M, Bhandari S, et al. The effect of iron and erythropoietin

treatment on the A1C of patients with diabetes and chronic kidney
disease. Diabetes Care 2010;33:2310-3. https://doi.org/10.2337/dc10-
0917

. Abdelhafiz AH, Sinclair AJ. Low HbA1c and increased mortality risk — is

frailty a confounding factor? Aging Dis 2015,6:262-70. https://doi.org/
10.14336/AD.2014.1022

. Alsahi M, Gerich JE. Hypoglycaemia in patients with diabetes and renal dis-

ease. J Clin Med 2015;4:948-64. https://doi.org/ 10.3390/jcm4050948

. Moen M, Zhan M, Hsu VD, et al. Frequency of hypoglycaemia and its sig-

nificance in chronic kidney disease. Clin / Am Soc Nephrol 2009;4:1121-
7. https://doi.org/10.2215/CJN.00800209

. Davis TME, Brown SGA, Jacobs IG, et al. Determinants of severe hypo-

glycaemia complicating type 2 diabetes: The Fremantle Diabetes study. J
Clin  Endocrinol Metab 2010;95:2240-7. https://doi.org/10.1210/
jc.2009-2828

. Khunti K, Davies M, Majeed A, et al. Hypoglycaemia and risk of cardio-

vascular disease and all-cause mortality in insulin treated people with
type 1 and type 2 diabetes: a cohort study. Diabetes Care 2015;38:316—
22. https://doi.org/10.2337/dc14-0920

. Rajendran R, Hodgkinson D, Rayman G. Patients with diabetes requiring

emergency department care for hypoglycaemia: characteristics and long
term outcomes determined from multiple data sources. Postgrad Med J
2015;91:65-71. https://doi.org/10.1136/postgradmedj-2014-132926

. Sampson M, Bailey M, Clark J, et al. A new integrated care pathway for am-

bulance attended severe hypoglycaemia in the East of England: The Eastern
Academic Health Science Network (EAHSN) model. Diabetes Res Clin Pract
2017;133:50-9. https://doi.org/10.1016/j.diabres.2017.08.017

Hambling CE, Seidu SI, Davies MJ, Khunti K. Older people with type 2
diabetes, including those with chronic kidney disease or dementia, are
commonly over treated with sulfonylurea or insulin therapies. Diabet Med
2017;34:1219-27. https://doi.org/10.1007/s11892-019-1128-3
Winocour PH, Bain SC, Chowdhury T, et al. Managing hyperglycaemia
in patients with diabetes and diabetic nephropathy-chronic kidney
disease. Summary of recommendations 2018. Br J Diabetes 2018;18:78-
89. https://doi.org/10.15277/bjd.2018.172

Hill CJ, Cardwell CR, Patterson CC, et al. Chronic kidney disease and
diabetes in the National Health Service: a cross-sectional survey of the
UK National Diabetes Audit. Diabet Med 2014;31:448-54.
https://doi.org/10.1111/diabetese. 12312

THE BRITISH JOURNAL OF DIABETES



LEARNING FROM PRACTICE

23.

24.

25.

26.

27.

28.

VOLUME 20 ISSUE 2

2019/20 General Medical Services (GMS) contract Quality and Outcomes
Framework (QOF). Guidance for GMS contract 2019/20 in England. April
2019. https://www.england.nhs.uk/wp-content/uploads/2019/05/gms-
contract-qof-guidance-april-2019.pdf (accessed October 2019).
Winocour PH, Moore-Haines K, Solomon A, et al. ENHIDE telehealth
primary care support of adults with diabetes and chronic kidney disease.
A pilot study — rationale and study design. Br J Diabetes 2019;19:53-62.
https://doi.org/10.15277/bjd.2019.215

Public Health England. National General Practice Profiles. http:/finger-
tips.phe.org.uk/profile/general-practice

Jones RK, Hampton D, O'Sullivan DJ, Phillips AO. Diabetes and renal
disease: who does what? Clin Med 2013;13:460-4. https://doi.org/
10.7861/clinmedicine.13-5-460

Khunti K, Gomes MB, Pocock S, et al. Therapeutic inertia in the treatment
of hyperglycaemia in patients with type 2 diabetes: a systematic
review. Diabetes Obes Metab 2018;20:427-37. https://doi.org/10.1111/
dom.13088

Camargo EG, Soares AA, Detanico AB, et al. The Chronic Kidney Disease

29.

30.

31.

32.

Epidemiology Collaboration (CKD-EPI) equation is less accurate in indi-
viduals with type 2 diabetes when compared with healthy individuals.
Diabet Med 2011;28:90-5. https://doi.org/10.2337/dc11-1282

Wang Y, Katzmarzyk PT, Horswell R, et al. Comparison of the heart failure
risk stratification performance of the CKD-EPI equation and the MDRD
equation for estimated glomerular filtration rate in patients with type 2

diabetes. Diabet Med 2016;33:609-20. https://doi.org/10.1111/
dme.12859
Nair S, Mishra V, Hayden K, et al. The four-variable modification of diet

in renal disease formula underestimates glomerular filtration rate in obese
type 2 diabetic individuals with chronic kidney disease. Diabetologia
2011,;54:1304-7. https://doi.org/10.1007/s00125-011-2085-9

Bello AK, Peters J, Rigby J, et al. Socioeconomic status and chronic kidney
disease at presentation to a renal service in the United Kingdom. Clin J Am
Soc Nephrol 2008;33:1316-23. https://doi.org/10.2215/CIJN.00680208
Ricks J, Molnar MZ, Kovesdy CP, et al. Glycemic control and cardiovascu-
lar mortality in hemodialysis patients with diabetes. A 6-year cohort study.
Diabetes Care 2012;61:708-15. https://doi.org/10.2337/db11-1015

-t o2om -
< My Glucose o)

PATIENTS =
CAN
DO IT

WITHOUT LANCETS'

Discover the NEW FreeStyle Libre 2 system.

The first and only 14-day glucose monitoring system with optional alarms
and proven accuracy without finger prick calibration.?

R »

/

7
FreeStyle
Libre 2

FLASH GLUCOSE MONITORING SYSTEM

* DECEMBER 2020

www.FreeStyleDiabetes.co.uk/update

e

ALARM. SCAN. ACT

cJ

Find out more at

Abbott

Images are for illustrative purposes only. Not actual patient or data.
1. Scanning the sensor does not require lancets. 2. Finger pricks are required if glucose readings and alarms do not match symptoms or expectations.
© 2020 Abbott. FreeStyle, Libre, and related brand marks are marks of Abbott. ADC-29358 v1.0 10/20.

137

life. to the fullest®



LEARNING FROM PRACTICE

Appendix: Biochemical Measures and Statistical Analysis

Study design and assessments

East and North Hertfordshire is a relatively affluent part of England with pockets of deprivation. The
population is currently supported by 55 separate general practices. We initially identified 20 practices that
covered the six localities with a spread of deprivation index to ensure the study cohort was representative
of the wider population. The deprivation score was available for practice localities based on the Index of
Multiple Deprivation (IMD) 2015 scores from Public Health England's National General Practice Profiles.
This IMD in East and North Hertfordshire ranged from 6.7 to 27.1 (mean 13.3) and practices in the ENHIDE
renal diabetes study had deprivation scores ranging from 7 to 21.

Biochemical measures

eGFR was recorded using the Modification of Diet in Renal Disease (MDRD) formula with a transition after
6 months to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation with the change
in laboratory reporting. For the purposes of the Diabetes Renal Telehealth Project, we did not differentiate
the two methodologies, given recognition that both estimates underestimate true GFR in diabetes, but
that both perform equally in that regard.

Urine albumin creatinine ratios (ACR) were measured using standard polyethylene glycol enhanced
immuno-turbidimetric assay for albumin and a standard enzymatic assay for urine creatinine, based on a
requested early morning urine sample.

HbA1c was measured in a UKAS (United Kingdom Accreditation Service) laboratory by high performance
liquid chromatography methodology. The assay imprecision was <3% across an HbA1c range of 11-133
mmol/mol (3.2-14.3%). External quality assurance data reported minimal bias (attaining acceptable
performance as assessed by the Welsh External Quality Assessment Scheme (WEQAS)).

Statistical analysis

Statistical analysis was undertaken using IBM SPSS v 25. Categorical variables are presented as frequencies
and continuous variables summarised using means and standard deviations. Independent sample t-tests
were performed on continuous variables. Standard measures of statistical association (x? and Fisher’s exact
test) were performed on categorised HbA1c and renal measures. Cholesterol, HbA1c and eGFR had a
non-normal distribution (positive skewed), consequently these variables, apart from eGFR, were
successfully log transformed. Linear multiple regression analysis was performed to build potential
predictive models of HbA1c against age, BMI, cholesterol and eGFR. This followed exclusion of Hb and
ACR as predictive on univariate analysis. The overall goodness of fit was measured by R-squared. ANOVA
was employed to examine differences across HbA1c and age ranges.

Final regression models were used as predictors for HbA1¢ status. Binary variables were chosen if
continuous variables were not normally distributed to allow effect of a eGFR cut-off as individuals were
included on the basis of eGFR <60 or significant albuminuria. Thus, those evaluated with eGFR >60 were
only included on the basis of raised albuminuria status.
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