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Abstract

Background: We examined in persons with type 2 diabetes (T2D) whether the use of insulin and the risk of serious
hypoglycemic events with insulin is higher in persons with more advanced CKD.

Methods: In a national cohort of 855,133 veterans with T2D seen at Veteran Affairs clinics between Jan 1, 2008 and
December 31, 2010 with at least two serum creatinine measurements, we defined insulin use from pharmacy records
and serious hypoglycemic events by ICD-9/10 codes from emergency room visits or hospitalizations that occurred
until December 31, 2016.

Results: Mean age was 66 = 11years and 97% were men. Mean baseline eGFR was 73 422 ml/min/1.73m?. In a mul-
tivariable Cox regression model of those without insulin use at baseline (N =653,200), compared to eGFR >90 group,

mic agents in more advanced CKD needs further study.
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eGFR <30 group had higher hazard (HR 1.80, 95% Cl 1.74 to 1.88) of subsequent insulin use. In a multivariable Cox

model with propensity score matching for baseline insulin use (N=305,570), both insulin use (HR 2.34,95% C| 2.24
t0 2.44) and advanced CKD (HR 2.28, 95% ClI 2.07 to 2.51 for comparison of eGFR < 30 to eGFR >90 ml/min/1.73 m?
groups) were associated with increased risk of subsequent serious hypoglycemic events.

Conclusions and relevance: InT2D, more advanced CKD was associated with greater insulin use. Both insulin use
and advanced CKD were risk factors for serious hypoglycemic events. The safety of insulin compared to newer glyce-

Background

There are more than 30 million adults with diabetes mel-
litus (DM) in the United States [1]. Diabetes is the lead-
ing cause of chronic kidney disease (CKD) with almost 1
in 3 persons with diabetes developing kidney disease [2].
Despite the public health importance of kidney disease
in persons with type 2 diabetes (T2D), there is a paucity
of data on optimal treatment for glycemic control in this
population [3]. Fundamental questions such as the role
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of insulin in glycemic control in CKD still need to be
addressed.

It is often considered that insulin requirements go
down with advanced CKD as insulin is cleared by the
kidney [3-5]. However, cross-sectional studies suggest
higher insulin use in persons with more advanced CKD
[6—8]. Therefore, it remains unclear whether the need for
insulin is decreased or increased in advanced CKD.

A serious adverse effect of insulin therapy is hypogly-
cemia that results in emergency room visit or hospitali-
zation. While insulin therapy is a known risk factor for
hypoglycemic episodes [10], whether advanced CKD by
itself is associated with increased risk of hypoglycemia
has been controversial. The incidence of hypoglycemia
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defined as blood glucose <70mg/dl was higher in those
with more advanced CKD in a study of veterans [9].
However, a prospective observational study of individuals
with T2D using continuous glucose monitors found that
hypoglycemia was common in persons with moderate
to severe CKD but was not more common than in those
with preserved GFR [9]. The question of whether both
insulin use and advanced CKD are independently associ-
ated with increased risk of hypoglycemia may have thera-
peutic implications for glycemic control in persons with
T2D and CKD as hypoglycemic episodes are associated
with increased risk of CKD progression [10], stroke [11]
and mortality [12, 13].

Therefore, in the current study we examined the
hypothesis that requirement for insulin for glycemic con-
trol in T2D is lower in those with advanced CKD. We
also examined whether the incidence of serious hypogly-
cemic episodes is greater in those with more advanced
CKD and augmented in those with more advanced CKD
on insulin.

Materials and methods

Patient population

This was an observational study of veterans in the United
States with an encounter in the Veteran Affairs (VA) sys-
tem corresponding to a diagnosis of T2D between Janu-
ary 1, 2008 and December 31, 2010, and who had at least
two outpatient serum creatinine measurements during
the same time-period. The index date was defined as the
date of the second outpatient serum creatinine value.
Among the 1,187,700 veterans with T2DM and two out-
patient serum creatinine measurements, the analytic
cohort (N=2855,135) included those with non-missing
data for demographics, blood pressure, body mass index
(BMI) and hemoglobin A1C (HbAlc) and VA pharmacy
prescription fill data (Fig. 1). This study was conducted
with approval from the University of Utah Institutional
Review Board as well as in accordance to the Declaration
of Helsinki.

Data source and covariates

We used the VA Informatics and Computing Infra-
structure (VINCI) [14] platform to access the national
VA data. Age (defined at index date), gender and race
were obtained from the VA Corporate Data Warehouse
(CDW) [15] data. Diagnosis of T2D was defined by
International Classification of Disease (ICD-9) codes
(Supplemental Table 1) recorded between 1/1/2008
to 12/31/2010 in VA Inpatient and Outpatient Medi-
cal SAS Datasets [16, 17]. While we required an ICD-9
diagnostic code of T2D mellitus to minimize the inclu-
sion of type 1 diabetes mellitus in the study cohort, dura-
tion of T2D was calculated by the first occurrence of
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ICD-9 code for T2D, hemoglobin A1C>6.5% or use of
anti-diabetic medications from Oct 1, 1999 to the index
date. Baseline comorbidities included coronary artery
disease, congestive heart failure, cerebrovascular dis-
ease, peripheral vascular disease, lung disease and cancer.
These were considered present if they were recorded in
the VA Inpatient and Outpatient Medical SAS Datasets
within 3 years prior to the index date. As the index date
was defined by the second outpatient serum creatinine
and the outpatient labs could be drawn either before or
after a clinic visit, we used £90days window around the
index date to capture clinic visits data such as blood pres-
sures and weight. The first recorded outpatient systolic
and diastolic blood pressures within 90 days of the index
date were used. BMI was calculated using the first weight
value recorded within 90 days of the index date and most
recently recorded height value, not restricting to within
the last 90days. As HbAlc is measured only every 3
months (particularly in those not under good glyce-
mic control) and even less frequently in clinical practice
(particularly in those at glycemic control goal), we used
+180days window around the index date to minimize
missing HbA1c data.

Veterans’ prescription records [18] were used to iden-
tify baseline medication exposure of hypoglycemic
agents, antihypertensive medications and statins. As
many medications are commonly filled for 90days, we
applied £90days window around the index date to cap-
ture baseline medications. For baseline insulin use, we
applied £180days window in order to minimize misclas-
sification of new insulin use for those who might have
missed filling their insulin in the 90days window around
the index date. Hypoglycemic agents were classified as
insulin, sulfonylureas, metformin, thiazolidinedione
(TZD) and other agents. Antihypertensive medications
were classified as alpha-blockers, beta-blockers, calcium
channel blockers, angiotensin converting enzyme inhibi-
tors or angiotensin receptor blockers (ACEI/ARB), loop-
diuretics and thiazide-type diuretics.

In the current analysis, we followed the veterans until
death or the administrative censor date of December 31,
2016.

Prevalent and new insulin use

Prevalent insulin use was identified through review of the
patient’s prescription data within 180days of the index
date. In those not on insulin at baseline, incidence of
new insulin use was determined by the first time that the
patient had a prescription for insulin after the index date.

Hypoglycemic episodes
We defined serious hypoglycemic events as those that
needed medical attention as evidenced by an emergency
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Veterans with type 2 DM 1/1/08 to
12/31/10 (n=1,422,906)

> No outpatient serum creatinine
measured (N=235,206)

Outpatient serum creatinine measured
from 1/1/08 to 12/31/10 (n=1,187,700)

> Missing demographics
(N= 118,449)

v
Non-Missing Demographics (N=1,069,251)

i P | Missing Blood Pressure (N=31,240)

Non-Missing Blood Pressure (N=1,038,011)

| Missing BMI (N=85,615)

Non-Missing BMI (N=952,396)

P | Missing Alc (N= 88,032)

Alc within 6 months of index date (N=864,364)

| > Missing Pharmacy Fill Data
# (N=9,224)

VA Pharmacy Fill Data Available (N=855,140)

i > Missing eGFR (N=7)

Veterans followed in VA system with
non-missing eGFR (n=855,133)

> Excluded from Matched Pair
Propensity Models (n= 549,563)

Multivariable Cox Regression Matched Propensity Score
Model Cohort (n=855,133) Cohort (n=305,570)
On Insulin Not On Insulin On Insulin Not OnInsulin
(N=201,933) (N=653,200) (N=152,785) (N=152,785)

Fig. 1 Flow diagram of study cohort

room visit with a diagnosis of hypoglycemia and/or hos-  Statistical analyses

pitalization with a primary discharge diagnosis of hypo-  Baseline characteristics of participants with and with-
glycemia codes. A previously validated definition [19, 20]  out insulin use were described by means and stand-
was used to identify hypoglycemic events from ICD 9/10  ard deviations or medians and interquartile ranges
codes from emergency room visits or hospitalizations for numeric variables, and proportions for categorical
that occurred from the index date until the censor date.  variables.

(Supplemental Table 2).



Grube et al. BMC Nephrology (2022) 23:73

Associations of eGFR categories with baseline

and subsequent insulin use

In the entire analytic cohort (N=855,133), we used a
multivariable logistic regression model to relate baseline
insulin use as the dependent variable to eGFR groups as
the predictor variable, with eGFR >90ml/min/1.73 m?
as the reference group. This model included adjustment
for age, gender, race, coronary artery disease, stroke,
peripheral vascular disease, congestive heart failure, lung
disease, cancer, systolic and diastolic blood pressures,
BMI, HbAlc, diabetes duration, use of ACE-Is or ARBs,
sulfonylurea, metformin, TZDs, and other hypoglycemic
agents.

In those not on insulin at baseline (N=653,200), we
used a multivariable Cox regression to estimate the asso-
ciation of subsequent, new insulin use by different eGFR
groups with eGFR >90ml/min/1.73 m? as the reference.
This model was adjusted for the same variables as above.

Associations of insulin use and eGFR categories with serious
hypoglycemic events

To examine whether insulin use and eGFR categories
were independently associated with serious hypoglycemic
events, we first conducted a multivariable Cox regression
analysis in the entire analytic cohort (N=2855,133) with
the same covariates as above. To further reduce the risk
of indication bias between veterans not on and on insulin
use at baseline, we repeated the multivariable Cox regres-
sion model for serious hypoglycemia events in a propen-
sity score matched cohort (N=305,570). The propensity
scores were generated by the above multivariable logis-
tic regression model of baseline insulin as the depend-
ent variable. The distribution of propensity scores was
checked to ensure overlap between insulin use groups.
We then used a Stata module (psmatch2) [21] to perform
1-1 matching by caliper without replacement on the
estimated propensity scores between insulin use groups.
Standardized mean differences in the covariates between
the insulin use groups were evaluated before and after
matching by examining a plot of the standardized mean
differences across the covariates. There were no signifi-
cant departures from balance following the application
of propensity-score matching (maximum standardized
difference =4%).

In additional multivariable Cox regression analyses, we
examined the joint associations of baseline insulin use
and eGFR groups with serious hypoglycemic events using
eGFR >90 and not on insulin as the reference group in
the entire cohort (N=855,133) and propensity score
matched cohort (N=305,570).

Statistical analysis was performed using Stata Version
15.1 (College Station, TX, USA).
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Results

Of the 855,133 veterans that met the criteria for the
current analysis, 653,200 (76.4%) were not on insulin at
baseline. In general, those on insulin had longer dura-
tion of diabetes, higher A1C, higher BMI and lower use
of metformin and sulfonylureas (Table 1). They also had
higher comorbidity burden with higher prevalence of his-
tory of heart failure, coronary artery disease and stroke.
The baseline eGFR was lower in those on insulin com-
pared to those not on insulin (69 + 25 versus 74421 ml/
min/1.73m?).

From the entire analytic cohort (N=2855,133), we
derived propensity scores for baseline insulin use in
a logistic regression model. In the propensity score
matched cohort (N=305,570), standardized % bias
across covariates was close to zero (Supplemental Fig. 1)
and baseline characteristics of those with (N=152,785)
and without insulin use (N=152,785) at baseline was
well balanced with propensity score matching (Table 1).

Associations of levels of eGFR with prevalent and incident
insulin use

With adjustment for demographics, baseline comorbidi-
ties (listed in Table 1), blood pressures, BMI, duration
of diabetes, HbA1C and medications, in a multivariable
logistic regression model, compared to veterans with an
eGFR of >90ml/min/1.73m? a substantially higher per-
centage of veterans with stage 3A (odds ratio (OR) 1.56,
95% CI 1.53 to 1.59), stage 3B (OR 2.35, 95% CI 2.29 to
2.42) and stage 4/5 (OR 3.55, 95% CI 3.43 to 3.66) CKD
used insulin at baseline (Fig. 2, Panel A).

In those without insulin use at baseline (N=653,200),
there were 157,108 persons who needed insulin over
3,870,219years of follow-up with an event rate of
4.0/100-person years of follow-up. In a Cox regression
model adjusted for the above covariates, compared to
veterans with an eGFR of >90ml/min/1.73m?, veterans
with stage 3A (hazards ratio (HR) 1.31, 95% CI 1.28 to
1.33), stage 3B (HR 1.59, 95% CI 1.56 to 1.63) and stage
4/5 (HR 1.80, 95% CI 1.74 to 1.87) CKD had substantially
higher new insulin use during follow-up (Fig. 2, Panel B).

Associations of baseline insulin use and levels of eGFR

with subsequent serious hypoglycemic episodes

The incidence of serious hypoglycemic events in vet-

erans with T2D not on insulin (0.21%, 9435 events,

4,460,465 years of follow-up) was lower compared to

those on insulin (0.84%, 10,558 events 1,257,904 years of

follow-up). Kaplan-Meier curves showed that these dif-

ferences persisted across different stages of CKD (Fig. 3).
In the entire analytic cohort (N=855,133), in a

multivariable Cox regression model adjusted for
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Table 1 Baseline characteristics of veterans with T2D by baseline use in the entire analytic cohort (N=2855,133) and propensity score

matched cohort (N=305,570)

Entire analytic cohort

Propensity score matched

On insulin Not on insulin On insulin Not on insulin
N=201,933 N=653,200 N=152,785 N=152,785

Demographics

Age, (years) 65.1+104 664+11.0 6541106 65.8+109

Male, (%) 97 97 97 97

African American, (%) 21 17 20 20
Comorbid Conditions

Congestive heart failure, (%) 16 8 12 12

Coronary artery disease, (%) 42 32 38 38

Myocardial infarction, (%) 6 4 5 5

Peripheral vascular disease, (%) 17 11 15 14

Stroke, (%) 14 11 13 12

Lung disease, (%) 24 21 22 22

Cancer, (%) 12 13 12 12
Clinical Features

Systolic BP, (mmHg) 137421 136+19 137420 137420

Diastolic BP, (mmHg) 75£13 7612 75£13 75+£13

Body mass index (kg/m?) 33+7 32+6 33+7 3347

Estimated GFR, (ml/min/1.73m?) 69+£25 74+£21 71+£24 72+24
CKD stages, (%)

Stage 2 39 49 42 42

Stage 3a 18 16 17 17

Stage 3b 12 7 10 10

Stage 4/5 7 5 5
Hemoglobin Alc (%) 7.9(7.0-9.3) 6.6 (6.1-7.4) 7.6 (6.8-8.7) 74(6.6-8.7)
Diabetes duration, (years) 6.8 (3.8-8.7) 3.8(1.0-6.8) 6.1 (2.9-8.5) 6.0 (2.8-84)
Medication Use

ACE inhibitor / ARB, (%) 78 64 75 75

Antilipemic agents (%) 79 70 78 71

Metformin (%) 44 48 48 49

Sulfonylurea, (%) 35 40 41 43

Thiazolidinediones, (%) 5 5 6 6

demographics, duration of diabetes, comorbidities,
blood pressures, BMI, HbA1C, diabetes medications
and use of ACE-I/ ARB, insulin use (HR 2.44, 95% CI
2.36 to 2.53) and more advanced CKD (HR 2.43, 95%
CI 2.27 to 2.59 for comparison of eGFR <30 versus
>90 ml/min/1.73 m? group) were both associated with
increased risk of serious hypoglycemic events (Fig. 4,
panel A). In a multivariable Cox regression model in
the propensity score matched cohort (N=305,570), the
corresponding hazard ratios for hypoglycemic events
for insulin use (HR 2.34, 95% CI 2.24 to 2.44) and more
advanced CKD (HR2.28, 95% 2.07 to 2.51) were similar
to that observed in the entire cohort (Fig. 4, panel B).

Using those not on insulin with eGFR >90ml/
min/1.73 m? as the reference group, those on insulin with
eGFR <30ml/min/1.73m? had the highest risk of hypo-
glycemia (in the entire analytic cohort HR 5.62, 95% CI
5.19 to 6.09 and in the propensity score matched cohort
HR 5.24, 95% CI 4.62 to 5.93) with the other groups hav-
ing intermediate risks (Fig. 5, panels A and B).

Discussion

The main findings of this observational study are that
insulin use was higher in more advanced CKD and that
both insulin use and advanced CKD were independent
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A: Baseline insulin use by eGFR groups
in a logistic regression model (N=855,133)

B: Subsequent new insulin use by eGFR Groups
in a Cox regression model (N=653,200)

Odds ratio of insulin use at baseline

€GFR 1) on insulin/N total) (QS%RCI) P value eGFR (Ev:/r:g?;;ars) (95I-°|/0RCI) P value
290 (48,4%725/1216,789) ® Reference 290 (49"2‘&)1/110241991) ® Reference
60-89 (78,718937399,701) d (1.?)?,71,08) <0.001 60-89 (71,3&?63/1,981,099) 4 (1.o1d(,)11.02) 0.08
45-59 (36,82767}141,051) * (1.235,6159) <0.001 45-59 (23,1'7011/585,203) . (1.218,311.33) <0.001
30-44 (24,13554:/568,449) L (2.22'3,52.42) <0.001 30-44 (9,43'33(2517,631) L (1.516,5?,63) <0.001
<30 (13,34???29,143) " (3.?135,53.66) <0.001 <30 (3,03%%1,295) ol (147148,5(1).87) <0.001
[ | [ [
1.0 2.0 4.0 1.0 2.0 4.0

Fig. 2 Associations of eGFR groups with baseline insulin use in the entire cohort in a logistic regression model (N=2855,133) and subsequent new
insulin use in those without baseline insulin use (N=653,200) in a Cox regression model

Hazard ratio for new insulin use
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Fig. 3 Kaplan-Meier curves for probability of serious hypoglycemic event by insulin and eGFR groups

risk factors for serious hypoglycemic events. Further-
more, compared to those with preserved kidney func-
tion and not on insulin, the risk of serious hypoglycemic
events was nearly 5.3-fold higher in patients who used
insulin and had eGFR <30 ml/min/1.73 m>

Previous literature suggests that because the kidney is
responsible for the majority of exogenous insulin clear-
ance, patients with diabetes and CKD and lower renal
clearance rates have higher levels of serum insulin and
may require less insulin than those without CKD [4, 5].
In contrast to this commonly held belief, the results of
this study suggest that the need for insulin for glycemic

control is inversely related to kidney function with a
graded increase in baseline and subsequent insulin use
with higher stages of CKD.

There are potential biological explanations for this
observed finding. First, insulin resistance is common
in CKD [22, 23], possibly related to pro-inflammatory
cytokines such as interleukin-6 and tumor necrosis fac-
tor-a [24] and oxidative stress [25—27] that are involved
in intracellular mechanisms of insulin resistance [28—-33].
Second, pancreatic beta-islet cells have low expression
of antioxidant enzymes and because of this low antioxi-
dant capacity, they are highly sensitive to oxidative stress
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A: Mutlivariate Cox regression model B: Mutlivariate Cox regression model in propensity
in entire cohort (N=855, 133) score matched cohort (N=305,570)
(ev;ﬁg?f;ars) (95"-’|A,RCI) P value (ev;{;’g?;;ars) (95"-"A,RCI) P value
Not on insulin (9,4:(3)5%,460,466) < Reference Not on insulin (3,12?5?11,023,058) < Reference
On insulin (10,888h,257,904) W (238%ss) <0001 On insulin (6,852/967,208) . (58544 <0001
eGFR 290 (5,184%,548,624) < Reference eGFR 290 (2’781'?5051 652) < Reference
eGFR 6010 <90 (7 o873 767,108) 807 O SGFRE010<90  (3056571.381) M 087108 034
eGFR4510<60 (5 4357503 808) . (1387134 <0001 eGFR4510<60 (1 756333,300) tel (1171 34 <0.001
eGFR 3010 <45 (5 08737 578) ot (1561 69) <0001 eGFR3010<45 (1 09367 247) tel (14T 67) <0.001
eGFR <30 (1,360/130,262) tol 257559 <0.001 eGFR <30 (636/60.686) ted 257%.51) <0.001
| | [ [ [ [
0.5 1.0 2.0 4.0 0.5 1.0 2.0 4.0
Hazard ratio for serious hypoglycemic event Hazard ratio for serious hypoglycemic event
Fig. 4 Individual associations of baseline insulin use and eGFR groups with serious hypoglycemic events in the entire cohort (N=2855,133) and
propensity score matched cohort (N=305,570)

A: Mutlivariate Cox regression model B: Mutlivariate Cox regression model in propensity
in entire cohort (N=855, 133) score matched cohort (N=305,570)

Not on Insulin (eveoﬁgfferars) (95':’2,RCI) P value Not on Insulin (ev;ﬁgfyat:ars) (95';}5(:') P value
eGFR 290 (2,603/1,217,034) Reference eGFR 290 (860/2'83 463) Reference
eGFRE010<00 (4 145548 777) M 0952 05) 0.94 eGFR 6010 <90 (q, 226/448 289) P (0.95F.11) 0.66
eGFR4510 <60 (1 57/572,696) tel (1475 34) <0001 eGFR 45 to <60 (533/171 547) Fed (1.067 37) <0001
eGFR3010<45 (765337 103) ) (14523 78) <0.001 eGFR 30to <45 (341/85 %a7) Fe (14629 82) <0.001
eGFR <30 (308/75855) ted 485%8.99) <0.001 €GFR <30 (22558320) agl (2.5 76) <0.001

On Insulin On Insulin
eGFR 290 (2,59%‘/73%1 590) o @ 226',33.53) <0.001 eGFR 290 “, 901/2168 188) g @. &3 54) <0.001
eGFRE010<90 (3 1345 331) . @4 369) <0001 8GFR60t0 <90 (5, 702/423 ,092) g @. 22248 60) <0.001
eGFR4510<60 (1 ggbB31 111) ol (2.55°330) <0001 eGFR45t0<60 (4, 187/161 753) ted (2.75%26) <0001
eGFR30t0 <45 (1 20037 475) o (340 <0.001 eGFR 30 to <45 (681/82 010) te @ 1%55 g3) <0.001
eGFR <30 (962/15'53,2397f : : el (5| 15%8.09) <0.001 eGFR <30 @B 165)| : : ted (4|62 %803 <0.001

0.5 1.0 2.0 4.0 8.0 0.5 1.0 2.0 4.0 8.0
Hazard ratio for serious hypoglycemic event Hazard ratio for serious hypoglycemic event
Fig. 5 Joint associations of baseline insulin use and eGFR groups with serious hypoglycemic events using eGFR >90 and not on insulin as the
reference group in the entire cohort (N=2855,133) and propensity score matched cohort (N=305,570)

[34-36]. Experimental data suggest that beta cell dys-
function might be worsened in CKD due to increased
oxidative stress from the accumulation of uremic toxins
[37]. Third, many of the anti-diabetic medications are
contraindicated in advanced CKD [38-40]. Thus, this
combination of decreased insulin production, peripheral
insulin resistance and contraindications for other medi-
cations could increase the need for exogenous insulin for
glycemic control in CKD.

There are also potential biological explanations for the
associations of advanced CKD with higher risk of hypo-
glycemia. Renal gluconeogenesis plays an important role
in countering hypoglycemia in healthy adults [41-43].
People with moderate to severe CKD have reduced kid-
ney mass and therefore, a reduced capacity for glucose

release from the kidneys [44] which might increase the
risk for hypoglycemia. However, the previous data on
whether CKD is a risk factor for hypoglycemia has been
conflicting. Some of the previous studies noted such an
association [45, 46] but not all [9].

We found not only that the need for insulin was higher
in more advanced CKD but that CKD and insulin use
are independent factors that contribute to the risk of
a hypoglycemic event and that this risk was the highest
in patients with advanced CKD on insulin. This find-
ing is of clinical significance for therapeutic options for
glycemic control in advanced CKD as hypoglycemia has
been associated with higher risk of mortality, cardiovas-
cular disease, cognitive impairment and progression of
CKD [47-50]. A previous study noted that in patients
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hospitalized due to an acute kidney injury, hypoglyce-
mic events were most common in insulin users [20].
The safety profile of insulin compared to newer glycemic
agents such as SGLT-2 inhibitors and GLP-1 analogs in
advanced CKD need to be further examined in rand-
omized controlled trials to determine optimal glycemic
control therapy in this population.

The major limitation of the current study is the obser-
vational nature of the analyses despite the use of propen-
sity score matching as there may be residual confounding
from unknown covariates that were not included in the
development of propensity scores. While the definitions
of hypoglycemia relied on data from electronic medical
records is also a limitation, we used a previously vali-
dated definition [19, 20]. Even though, we used a large
national database of veterans, it is possible that serious
hypoglycemic events that were treated at non-VA medi-
cal were not captured. However, such underreporting
will likely bias the study towards the null hypothesis and
therefore, the currently reported results are likely con-
servative estimates of the associations of insulin use and
advanced CKD with the risk of hypoglycemic events.
Lastly, the study cohort was predominantly male (97%);
future studies of hypoglycemia in both women and men
are warranted.

Conclusions

In summary, contrary to widely held assumption that
advanced CKD is associated with decreased need for
insulin, we found that insulin use was greater in T2D
patients with more advanced CKD. Furthermore, this
study also found that both insulin use and CKD are inde-
pendent factors for risk of hypoglycemia, with patients
with advanced CKD who use insulin being at the highest
risk for a hypoglycemic event. Future randomized con-
trolled trials are needed to determine the safety of insulin
compared to newer glycemic agents in patients with T2D
and advanced CKD.
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