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Abstract

Aim: Compare glycemic control in human immunodeficiency (HIV)-positive patients on
antiretroviral therapy to HIV-negative patients following pharmacist interventions.

Methods/Results: This retrospective observational cohort study conducted at a Federally
Qualified Health Center included adults with type 1l diabetes mellitus who attended at least two
clinical pharmacy appointments between January 1, 2018 and July 31, 2019. Exclusion criteria
included missing pre- or post-hemoglobin Alc (HgbAlc) values, type 1 diabetes, pregnancy,
breastfeeding, deceased, or untreated HIV. The primary endpoint was change in HgbAlc from
baseline to month 3. Secondary endpoints were change in HgbAlc at 6, 9, and 12 months,

and time to goal. Additional endpoints included changes in number of anti-diabetic agents,
blood pressure, body mass index, hypoglycemic events, percent of patients on a sodium-glucose
co-transporter-2 (SGLT-2) inhibitor or glucagon-like peptide (GLP-1) agonist. This study was
exempt from the University of California, Davis Institutional Review Board as a continuous
quality improvement study.

Seventy-eight patients were included, 17 of whom were HIV-positive. At 3 months, HgbAlc was
reduced by —1.7% and -1.2% (p =0.31) for HIV-positive and —negative patients, respectively. In
the pooled cohort, HgbAlc was reduced from baseline at all time points, and 24% of patients
achieved HgbAlc below 7.0%. The number of antidiabetic medications remained unchanged or
was decreased in 60% of patients.
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Conclusion: The study demonstrated clinically important HgbAZ1c reductions without increasing
the medication burden in most patients. There was no significant difference in glycemic
management between HIV-positive and HIV-negative patients.

Keywords

diabetes mellitus; type 2; Human Immunodeficiency Virus; pharmacists; blood glucose;
ambulatory care; Antiretroviral Therapy; Highly Active; clinical pharmacists

Introduction:

Human immunodeficiency virus (HIV) is a chronic inflammatory condition that alters
insulin response in the body, increasing the risk for the development of type Il diabetes
mellitus (T2DM).1 In the HIV-positive population, the prevalence of T2DM has been
estimated to affect between 2-14% of patients.? Additionally, HIV-positive patients have
been found to have a prevalence of T2DM 5.5% higher than non-HIV-positive persons (14%
vs. 8.5%, respectively).2 Several hypotheses have been proposed to explain the molecular
mechanisms by which insulin resistance develops in patients with HIV. Mechanisms

include the effects of combination antiretroviral therapies (CART) and the inflammatory
pathophysiology of HIV disease in the development of insulin resistance.

In 2005, the Multicenter AIDS Cohort Study found that the incidence of T2DM was 1.4

per 100 person-years for HI\-negative men compared to 1.7 in HIV-positive men and

4.7 in HIV-positive men receiving cART.3 This finding was substantiated in a 2017 meta-
analysis, which found the odds of having T2DM were four times higher in HI\V-positive,
cART-exposed patients compared to those HIV-positive patients who were treatment naive.*

In addition to cCART being associated with an increased risk of T2DM, the chronic
inflammatory nature of HIV may lead to metabolic dysfunction, thus increasing the risk for
the development of insulin resistance. A review article by Hruz discussed the hypothesis that
metabolic dysfunction in HIV-positive patients is related to decreased ability for adipose
tissue to store triglycerides, causing increased lipid accumulation in liver and skeletal
muscle, thereby inhibiting these organ’s ability to respond to insulin.! Another hypothesized
mechanism of insulin resistance in HIV-positive patients is the result of impaired glucose
transport into adipose tissues, skeletal muscle, and the liver.X This impaired glucose uptake
leads to increased hepatic glucose production and a worsening of glycemic control. Thus,
infection with HIV and its subsequent treatment with cART places this patient population at
an increased risk for T2DM.

Despite the higher prevalence of T2DM co-morbidity in patients with HIV, little research
has been done into the ability to meet glycemic targets in HI\V-positive patients versus HIV-
negative patients. More studies are needed to address whether the management of T2DM

in patients with co-morbid HIV is more complex in terms of reaching guideline-directed
glycemic target endpoints compared to the management of T2DM in patients without HIV.
The purpose of this study was to evaluate the difference in glycemic control between HIV-
positive and HIV-negative patients when managed by a clinical pharmacist in a federally
qualified health center (FQHC).
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This was a retrospective observational cohort quality improvement study of adults enrolled
in a FQHC in Sacramento, California who were referred to a clinical pharmacist for
diabetes management. Once referred by their primary care physicians, clinical pharmacists
assisted with the management of the patient’s diabetes with a focus on tailoring the
patient’s pharmacotherapy and lifestyle modifications. Patients routinely met with the
clinical pharmacist either in-clinic or telephonically for 30 to 60-minute appointments
dedicated to diabetes, hypertension, and hyperlipidemia. Clinical pharmacists at this clinic
practice under a collaborate practice agreement which allows for initiation, titration, and
discontinuation of medication therapies, ordering labs, and placing referrals to a registered
dietician, if appropriate. Clinical pharmacists also provide education in a manner that is
consistent with the current American Diabetes Association (ADA) guidelines. Areas of
education routinely provided to all patients include disease state education, diet and lifestyle
modifications, medication counseling, review of the signs and symptoms of hypo- and
hyperglycemia, and hypoglycemia prevention and management. Through collaboration with
pharmacy technicians, clinical pharmacists also provide medication access support to all
patients. The study included patients with a clinical diagnosis of T2DM who attended at
least two diabetes-focused appointments with a clinical pharmacist between January 1, 2018
and July 31, 2019. Data were collected through November 30, 2019 to allow at least one
hemoglobin Alc (HgbAlc) measurement to be collected after patients completed their first
appointment. Patients were excluded if they did not have a HgbAlc measured prior to their
first appointment with the clinical pharmacist or any HgbAlc measured two to 13 months
after their first meeting with a clinical pharmacist. Additionally, patients were excluded if
they had type 1 diabetes, were pregnant or breastfeeding, were deceased at the time of
enrollment, or had a diagnosis of HIV, but were not on cART.

This study was exempt from the University of California, Davis Institutional Review Board
as a continuous quality improvement study as defined by the United States Department of
Health and Human Services. All patient records and pertinent information were de-identified
prior to the analysis.

The project described was supported by the National Center for Advancing Translational
Sciences, National Institutes of Health, through grant number UL1 TR001860. The content
is solely the responsibility of the authors and does not necessarily represent the official
views of the NIH.

The primary outcome was defined as the change in HgbA1c at baseline to HgbAlc
measured 3 months after the patient’s first appointment with a clinical pharmacist, with

a range of plus or minus one month. Secondary outcomes included the change in HgbAlc
at baseline to HgbAlc at months 6, 9, and 12 after the patient’s first visit with a clinical
pharmacist, again with a range of plus or minus one month, as well as the percent of
patients reaching goal HgbAlc per 2019 ADA guidelines, and time, in months, to reach
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this goal.> Change from baseline in the HbgA1lc in the pooled cohort was also analyzed at
all timepoints. Additional endpoints collected included changes in the following variables
pre- and post-intervention: number of anti-diabetic agents; blood pressure; body mass index
(BMI); percent with reported hypoglycemia; and percent on a sodium-glucose transport
protein 2 (SGLT-2) inhibitor or a glucagon-like peptide (GLP-1) agonist. HgbAlc goal
according to ADA guidelines was defined as a HgbAlc less than 7% for all patients. Patients
met criteria for hypoglycemia if at any visit they endorsed having signs and symptoms of
low blood sugar, or if they had a home glucometer reading of less than or equal to 70 mg/dL.

Statistical Analysis

Results:

The sample size calculation for this study was based on a 1.0% difference in mean HgbAlc
values between groups and a standard deviation of 1.3, which has been used in clinical trials
to assess HgbAlc lowering efficacy of pharmacologic therapy. Enrollment of 36 patients per
group was calculated to provide 80% power and a two-sided alpha of 0.05 for the primary
endpoint. All continuous variables were compared using a student’s t-test assuming unequal
variances and a two-tailed alpha of 0.05. All categorical variables were analyzed using
descriptive statistics and Fisher’s exact with a two-tailed alpha of 0.05. Multivariable general
linear models were performed to test for differences in Alc levels at four different time
points by HIV status, controlling for baseline Alc, BMI, sex, and ethnicity. A p-value of
0.05 was considered statistically significant. All analyses were performed in SAS® software
version 9.4 for Windows®. The small sample size and degree of missingness did not allow
for repeated measures regression.

From January 1, 2018 to July 31, 2019 a total of 228 patients were referred for appointments
with a clinical pharmacist, 224 of which were referrals for diabetes management. Of those
patients, only 78 met inclusion criteria, 17 of whom were HIV positive. Reasons for
exclusion are as follows: never made appointment (n=49), outside of inclusion window
(n=45), only had one appointment (n=23), lacked initial HgbAlc (n=11), lacked post-
intervention HgbAlc (n=4), deceased (n=2), and age (n=1). Baseline demographics are
presented in Table 1. The average age was 52 years for both groups. The majority of patients
in the HIV-positive cohort self-identified as African American and male while the majority
of HIV-negative patients self-identified as Hispanic and female. Baseline HgbAlc were
relatively similar between groups, however, baseline BMIs were higher in the HIV-negative

group.

On average, patients attended eight 30 to 60-minute diabetes-focused visits with a clinical
pharmacist over the course of a 12-month follow-up period. For the primary endpoint, 13
patients in the HIV-positive group and 46 patients in the HIV-negative group had HgbAlc
values measured at month 3. There was no difference in the change in HgbAlc compared
to baseline between patients in the HIV-positive and —negative cohorts with a HgbAlc
measurement at month 3 (=1.7 £ 1.2% vs. —1.2 + 2.3%, respectively; p=0.31) (Table 2).

HgbAlc was reduced in the majority of HIV-positive and -negative patients at months 3, 6,
9, and 12 (Table 3). After controlling for baseline differences in HgbAlc, sex, ethnicity, and
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BMI, HIV-positive patients did not have statistically significant changes in average HgAlc
at any of the four follow-up time points compared to the HIV-negative group (Pmonth3=0.10,
Prmonth6=0-89, Pmonthe=0.24, and pmonth12=0.48). It took an average of 5.7 months for 19
total patients to reach an HgbAlc goal of less than 7%. It took an average of 4.4 months for
47 patients to reach HgbAlc values of less than or equal to 8%.

In the pooled cohort, HgbAlc values were reduced from baseline at month 3 by 1.3%,
month 6 by 1.6%, month 9 by 1.0%, and month 12 by 1.1% (Figure 1). In the pooled cohort,
24% of patients achieved HgbA1c levels less than 7.0%, and 47% achieved HgbAlc levels
less than or equal to 8.0%, which is the Medicare and Medicaid goal HgbAlc for FQHC
metrics.8

Overall, pharmacist intervention resulted in 22% of patients being started on an SGLT-2
inhibitor or GLP-1 agonist, a reduction in hypoglycemic episodes by 9%, and systolic and
diastolic blood pressures reduction by 4.3 mmHg and 5.1 mmHg, respectively. The number
of antidiabetic medications remained unchanged (51%) or was decreased (9%) in most
patients. Of the eight patients who had an increase in the number of antidiabetic agents by
two or three agents, the average baseline HgbAlc was 11.4% and HgbAlc was reduced

to an average of 10.2% following pharmacist intervention. The two patients who had three
agents added compared to baseline both had baseline HgbA1c’s greater than 10% and were
not on any antidiabetic agents prior to pharmacist intervention.

By the end of the study period, all 29 patients who did not have a referral to a registered
dietician from their primary care provider prior to pharmacist intervention were referred.
Additionally, all patients were provided with education on diabetes disease state, diet, and
exercise.

Discussion:

In this study, clinically significant reductions in HgbAlc were observed in both the HIV-
positive and HIV-negative cohorts following pharmacist’s interventions, which included
pharmacotherapy modifications, counseling on lifestyle modifications, and disease state
education. However, the study was underpowered to detect a difference in glycemic control
between the groups. Although the study was not powered to find a statistical difference, the
clinical significance of the observed effects of pharmacist intervention cannot be overlooked.
The 2000 United Kingdom Prospective Diabetes Study (UKPDS) found that for every
percent reduction in HgbAlc, there was a 21% corresponding reduction in the risk for events
related to diabetes, a 21% reduction in risk of death from diabetes, a 14% reduction in risk
for myocardial infarction, and a 37% reduction in risk for microvascular complications.’

Nearly half of patients in the pooled cohort reached the FQHC goal HgbAlc of 8% or less.
Given the social and medical complexity and financial disadvantage of patients seen at our
clinic, the impact of pharmacist intervention to promptly reduce HgbA1lc and with durability
over the following 12 months is clinically significant. Additionally, 24% of patients were
able to surpass FQHC glycemic standards and achieved HghA1c target of less than 7%,
consistent with national guidelines.
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Pharmacist intervention also resulted in the initiation of antidiabetic agents with
cardiovascular and renal benefits (GLP-1s and SGLT-2s) in an additional 22% of patients.
These agents have been shown in clinical trials to reduce the risk for cardiovascular death,
non-fatal myocardial infarction, non-fatal stroke, and hospitalization for heart failure in
patients with T2DM, and will likely have clinical benefit beyond what was measured in the
current study.8-13 In addition, pharmacist intervention resulted in reductions in systolic and
diastolic blood pressures and an overall maintenance of BMI, which both have the potential
to reduce cardiovascular risk. Finally, pharmacist intervention resulted in improved safety
outcomes for patients as evidenced by the reduction in reports of hypoglycemia.

Most patients were maintained on the same number of antidiabetic agents (51%) or had a
reduction of agents (9%) compared to baseline. In this study, pharmacists demonstrated their
ability to improve glycemic control through careful medication selection without needing to
increase the medication burden for 60 percent of patients. This is especially important for
patients with limited resources in which medication copays can be burdensome and complex
medication regimens can be overwhelming, especially in the setting of low health literacy.

One weakness of the present study was that it was underpowered in the HIV-positive

group to find a statistical difference in the primary endpoint. A second weakness was

that our study used HgbAlc as a surrogate marker for glycemic control, which may not

be the most accurate measure in HIV-positive patients. In their prospective cross-sectional
study, Kim et al. found that HgbAlc underestimates glycemia in HIV-infected patients,

and the underestimation was most pronounced in patients on nucleoside reverse transcript
inhibitors (NRT1).14 Thus, HgbAlc measurement may have underestimated hyperglycemia
in 15 of 17 patients in our HIV-positive cohort who were on NRTI therapies during the
study duration. Finally, the retrospective nature of this study did not allow for control over
potential confounding factors that could have resulted in changes in HgbAlc such as weight
loss, nutrition changes, or other lifestyle modifications. However, it is important to note that
part of the standardized pharmacist workflow in this FQHC is to provide education on diet,
nutrition, and exercise, while optimizing medications that promote weight loss and minimize
weight gain.

One strength of our study was its inclusion of patients with significantly elevated baseline
HgbAlc values receiving care at a FQHC by a clinical pharmacist. Another strength of the
present study was that it included diabetic patients with HIV and assessed their ability to
reach glycemic targets compared to a cohort of diabetic patients without HIV. The current
ADA guidelines do not make special recommendations for how to manage diabetes in
patients with concomitant HIV, and thus is it important to look at management strategies for
these patients to determine how to safely and effectively address glycemic control in this
population.®

Although our study was underpowered to see a difference in the ability to reach glycemic
targets in HIV versus non-HIV infected patients in this cohort, we did appreciate clinically
significant HgbAlc reductions from baseline, without increasing the medication burden and
while reducing the incidence of hypoglycemia for most patients. Future studies are needed

J Pharm Pract Res. Author manuscript; available in PMC 2022 August 01.
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prospectively examine the impact of a standardized pharmacist workflow on glycemic

outcomes for patients with and without HIV.

References:
1.

10

11.

12.

13.

14.

Hruz PW. Molecular mechanisms for insulin resistance in treated HIV infection. Best Pract Res Clin
Endocrinol Metab. 20116; 25(3): 459-468. [PubMed: 21663839]

. Monroe AK, Glesby MJ, Brown TT. Diagnosing and Managing Diabetes in HIV-Infected Patients:

Current Concepts. CID. 2015;60(1):453-462.

. Brown TT, Cole SR, Li X, et al. Antiretroviral Therapy and the Prevalence and Incidence of Diabetes

Mellitus in the Multicenter AIDS Cohort Study. Arch Intern Med. 2005;165:1179-1184. [PubMed:
15911733]

. Nduka CU, Stranges S, Kimani PK, Sarki AM, Uthman OA. Is there sufficient evidence for a causal

association between antiretroviral therapy and diabetes in HIV-infected patients? A meta-analysis.
Diabetes Metab Res Rev. 2017;33:e2902.

. Glycemic Targets: Standards of Medical Care in Diabetes—2020. American Diabetes Association.

Diabetes Care. 2020,43(Supplement 1):S66-S76. [PubMed: 31862749]

. 2020 Quality Rating System Measure Technical Specifications. Centers for Medicare and Medicaid.

92019.

. U.K. Prospective Diabetes Study Group: Association of glycaemia with macrovascular and

microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study. BMJ.
2000;321:405-412. [PubMed: 10938048]

. Neal B, Perkovic V, Mahaffey KW, et al.Canagliflozin and Cardiovascular and Renal Events in Type

2 Diabetes. NEJM. 2017;377:644-657. [PubMed: 28605608]

. Wiviott SD, Raz I, Bonaca MP, et al.Dapagliflozin and Cardiovascular Outcomes in Type 2

Diabetes. NEJM. 2019;380:347-357. [PubMed: 30415602]

. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes, and mortality in
type 2 diabetes. NEJM. 2015;373:2117-2128. [PubMed: 26378978]

Gerstein HC, Colhoun HM, Dagenais GR, et al.Dulaglutide and cardiovascular outcomes in type 2
diabetes (REWIND): a double-blind, randomised placebo-controlled trial. Lancet. 2019;394:121—
130. [PubMed: 31189511]

Marso SP, Bain SC, Consoli A, et al.Semaglutide and Cardiovascular Outcomes in Patients with
Type 2 Diabetes. 2016;375:1834-1844.

Marso SP, Daniels GH, Brown-Frandsen K, et al.Liraglutide and Cardiovascular Outcomes in Type
2 Diabetes. NEJM. 2016;375:311-322. [PubMed: 27295427]

Kim PS, Woods C, Georgoff P, et al. Alc Underestimates Glycemia in HIV Infections. Diabetes
Care. 2009;32(9):1591-3. [PubMed: 19502538]

J Pharm Pract Res. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Nelson et al. Page 8

HgbAlcvs. Time
14

13

HgbAlc (%)
= = -
~ [+ w0 S - ~

6

Baselne

Time in Months

e HIVpos mmmm HIVneg  mmmmmm Pooled  «-eeeeeee Trendline (Pooled)

Figure 1: HgbAlcvs. Time
Numbers in the bottom of each bar denotes number of patients with measured HgbA1c at

that time point. Abbreviations: HIV neg: HIV negative; HIV pos: HIV positive
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Table 1.
Baseline Characteristics
Demographic Data HIV Positive (n=17) | HIV Negative (n=61) | P-value

Age (years £ SD) 525+8.4 52.6 £10.0 0.98
Male, n (%) 13 (76%) 24 (39%) 0.005 ™
Ethnicity, n (%)

White 3 (18%) 17 (28%)

African American 10 (59%) 10 (16%) .

Hispanic 4 (24%) 27 (44%) 0019

Other 0 7 (12%)
Baseline HgbAlc (% * SD) 11.0+21 10.2+20 0.216
Baseline BMI (kg/m? + SD) 30.2+5.2 341+9.7 0.036~
Established ASCVD, n (%) 5 (29%) 10 (16%) 0.297
Active Smoker, n (%) 8 (47%) 20 (33%) 0.392
CKD Stage 3-4, n (%) 0 9 (15%) 0.193
CKD on dialysis, n (%) 1 (6%) 1.(2%) 0.391
On hormone therapy, n (%) 2 (12%) 2 (3%) 0.205
Baseline SBP (mmHg + SD) 135+14.0 137 +£20.9 0.685
Baseline DBP (mmHg + SD) 85+7.6 81+128 0.074
Antidiabetic agents, (number + SD) 1.7+1.0 28+10 0.074

denotes p< 0.05; SD: standard deviation; HgbAlc: hemoglobin Alc; BMI: body mass index; ASCVD: atherosclerotic cardiovascular disease;
CKD: chronic kidney disease, SBP: systolic blood pressure; DBP: diastolic blood pressure
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Table 2:
Primary Endpoint
HIV Positive HIV Negative : _
(n=17) (n=61) P-valuefor difference | Pooled Cohort (N=78)
Average baseline HgbAlc
%+ 11.0+21 10.2+20 0.22 10.4+20
SD)
Average HgbAlc (% + SD) at month 3 9'231:23‘1 9,2:14%,9 >0.99 9‘2:1551)'9
: -1.9 -1.2 -14
Average change in HgbAe atmonth 1 (9504 1 ~2.410 | (95% CI -191t0 031 (95% Cl -1.9 to
-1.0) -0.5) ‘ -0.8)
(% SD) n=13 n=46 n=59

SD: standard deviation; HgbAlc: hemoglobin Alc
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Table 3:
Additional Endpoints
Endpoint HI\(/anis;)tive HI\?n'\i%%ltive Pooled Cohort (N=78)
Average number of visits with clinical pharmacist 7.7 7.4 7.7
Number of patients with HgbAlc reduction at month:
3 12 (92%) 33 (72%) 45 (76%)
6 8 (100%) 24 (75%) 32 (80%)
9 7 (88%) 15 (65%) 22 (71%)
12 6 (86%) 8 (73%) 14 (78%)
Average change in HgbAlc at month:
6 (% + SD) -2.8+22, (n=8) | -1.4+2.4, (n=32) ~1.6 £ 2.4, (n=40)
9 (% + SD) -3.2+29,(n=8) | -0.2+27, (n=23) -1.0 £3.0, (n=31)
12 (% + SD) -21+21,(n=7) | -0.4+23, (n=11) -1.1£23, (n=18)
Patients reaching HgbAlc less than 7% 5 (29%) 14 (23%) 19 (24%)
Time to reaching HgbAlc less than 7% (months + SD) 46+38 6.6+2.9 57+35
Patients reaching HgbAlc less than or equal to 8% 10 (59%) 27 (44%) 37 (47%)
Time to reaching HgbAlc less than or equal to 8% (months + SD) 6.0+3.7 3.8+37 44+35
Change in percent on SGLT-2 inhibitor or GLP-1 agonist +35% +18% +22%
Change in percent of hypoglycemic events +6% -13% -9%
Average change in SBP pre and post (mmHg) -29+127 -4.6 +21.6 -43+199
Average change in DBP pre and post (mmHg) -41+101 -54+143 -5.1+134
Average change in BMI pre and post (mg/m?) +0.9+19 -01+21 +0.1+21
-1: 7 (9%)
0: 40
Change in Number of antidiabetic agents - - 1 (5’310(/;)0%)
+2: 6 (8%)
+3: 2 (4%)

SD: standard deviation; HgbAlc: hemoglobin Alc; SGLT-2; Sodium glucose co-transporter; GLP-1: glucagon-like peptide; SBP: systolic blood

pressure; DBP: diastolic blood pressure; BMI: body mass index
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