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Abstract

Purpose Our study examined whether telemedicine use in primary care is associated with risk factor assessment and control
for patients with diabetes mellitus.

Methods This was a retrospective, 1:1 propensity score matched cohort study conducted in a primary care network between
February 2020 and December 2020. Participants included patients with diabetes mellitus, ages 18 to 75. Exposure of interest
was any telemedicine visit. We determined whether hemoglobin Alc (HbAlc), blood pressure (BP) and low-density lipo-
protein cholesterol (LDL-C) were assessed for each patient. For each risk factor, we also determined whether the risk factor
was controlled when they were assessed (i.e., last HbAlc < 8.0%, BP < 130/80 mmHg, LDL-C < 100 mg/dL).

Results After 1:1 propensity score matching, we identified 1,824 patients with diabetes during the study period. Telemedicine
use was associated with a lower proportion of patients with all three risk factors assessed (162/912 [18%], versus 408/912
[45%], p<0.001). However, when individual risk factors were assessed, telemedicine use did not impact risk factor control.
When compared with patients with in-person visit only, the odds ratio (OR) for HbAlc < 8% was 1.04 (95% CI 0.74 to 1.46,
p=0.23) for patients with any telemedicine visit. Similarly, the OR for BP < 130/80 mmHg was 1.08 (95% CI 0.85-1.36
p=0.53), and the OR for LDL-C < 100 mg/dL was 1.14 (95% CI1 0.76-1.72, p=0.52).

Conclusions Telemedicine use was associated with gaps in risk factor assessment for patients with diabetes during the
COVID-19 pandemic, but had limited impact on whether risk factors were controlled.

Keywords Telemedicine - Diabetes - Quality of care - Primary care

Background

Diabetes affects 34.2 million Americans, leading to
increased cardiovascular risk and substantial morbidity and
mortality [1]. Management of cardiovascular risk factors
for diabetic patients, including hemoglobin Alc (HbAlc),
blood pressure (BP), and low-density lipoprotein cholesterol
(LDL-C), are essential to reduce complications of diabe-
tes [2-5]. In recent years, assessment and control of these
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risk factors are also increasingly used by health systems and
payers as quality benchmarks [6]. Nonetheless, risk factor
management in diabetic patients remains suboptimal in real
world settings [7, 8], with data from the National Health
and Nutrition Examination Survey (NHANES) showing that
only one-fifth of adult individuals with diabetes were able to
achieve control of all three risk factors in the last decade [3].

Primary care providers play a key role in diabetes man-
agement, including assessment and treatment of cardiovas-
cular risk factors, such as elevated HbAlc, BP, and LDL-C
[9, 10]. During the COVID-19 pandemic, telemedicine
delivery of primary care expanded at an unprecedented
pace, and was an important tool for many diabetic patients
accessing care [11-13]. However, there has also been con-
cern that telemedicine care rendered remotely through video
or telephone technologies can affect care quality. Indeed,
recent studies have shown that compared to in-person visits,
telemedicine primary care and cardiology visits are asso-
ciated with lower likelihood of BP assessment, laboratory

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-022-01814-6&domain=pdf

1750

Journal of Endocrinological Investigation (2022) 45:1749-1756

testing, and medication changes [14, 15]. Telemedicine use
will persist as an important modality for delivering primary
care. Therefore, there is an urgent need to determine whether
telemedicine use negatively impacts how well cardiovascular
risk factors are assessed and controlled in diabetic patients.

To address this gap in knowledge we conducted a retro-
spective cohort study using electronic health record (EHR)
data from a large academic medical center serving a diverse
patient population. We identified diabetic patients visiting
primary care providers from February 1%, 2020 to Decem-
ber 31%, 2020 and used a propensity score matching (PSM)
approach to assess whether telemedicine use was associated
with 1) assessment of cardiovascular risk factors including
HbAlc, BP, and LDL-C during the study period, and 2)
whether these risk factors were controlled when they were
assessed.

Methods
Data extraction and patient sample

After approval by the Institutional Review Board, we que-
ried our EHR (Epic Systems, Verona, Wisconsin, 2020) to
identify all completed outpatient primary care visits (includ-
ing internal medicine, family medicine, and geriatrics) at
Columbia University Irving Medical Center (CUIMC)
from February 1st, 2020 to December 31st, 2020. Of note,
CUIMC transitioned to the Epic EHR on February 1st, 2020.
For each visit, we extracted demographic and clinical infor-
mation including date of birth, sex, race, ethnicity, primary
payer, type of visit (in-person, or telemedicine via video or
telephone) and International Classification of Disease, 10th
Revision (ICD-10) codes associated with the visit. Follow-
ing specifications published by the National Committee for
Quality Assurance (NCQA) and American Diabetes Asso-
ciation (ADA) [16, 17], we defined the study population as
patients ages 18 to 75 years old, with a diagnosis of diabe-
tes (Type 1 or 2) associated with any visit during the study
period, using ICD-10 codes E10-E13.

For these patients we further extracted from Epic all
HbAlc, outpatient BP, and LDL-C values assessed dur-
ing the study period. For laboratory tests, available results
included those from CUIMC affiliated laboratories as well
as commercial vendors including Quest Diagnostics and
Labcorp.

Outcomes definitions
For assessment of cardiovascular risk factors, a patient is
defined as having the risk factor assessed if there was a

recorded measurement of that risk factor (i.e., HbAlc, BP,
or LDL-C) during the study period. For patients who had an
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individual risk factor assessed, we followed NCQA specifi-
cation and defined HbAlc¢ as controlled if the last recorded
HbA1c value during the study period was < 8% [17]. For
BP goal, guidelines recommend either < 130/80 or 140/90
mmHg [5, 18]. We used < 130/80 mmHg as a cutoff in this
study as prior studies have shown decreased adverse cardio-
vascular outcomes in patients with systolic BP < 130mmHg
[19]. With regards to LDL-C level, we use the same thresh-
old from a recent NHANES analysis and defined control as
the last LDL-C level < 100 mg/dL [3].

Telemedicine use

The primary exposure was category of telemedicine use.
Specifically, we defined a primary care visit as telemedi-
cine if it was conducted using video technology or using
telephone, based on Epic scheduling data. We operation-
alized our main exposure variable as binary: patients who
completed in-person visits only versus those who completed
any telemedicine visit.

Covariates

We identified clinical and demographic characteristics with
known associations with diabetic risk factor control includ-
ing age, race, insurance type and comorbidities [20]. We
used patient-reported race and ethnicity to classify patients
into the following race/ethnicity categories: White, non-
Hispanic; Black, non-Hispanic; Asian, Hawaiian & Pacific
Island, non-Hispanic; non-White Hispanic; and Other/
Declined/Unknown. Patient insurance was categorized as
Commercial, Medicare, or Medicaid, using the primary
payer field associated with the last visit during the study
period. Using a similar approach as described above we
identified patients with a diagnosis of atherosclerotic cardio-
vascular disease (ASCVD), hypertension, or type 1 diabe-
tes mellitus through visit-associated ICD-10 codes. Because
patients with a greater total number of visits may receive
more intensive risk factor management and also have more
opportunities to have telemedicine visits, we adjusted for
the total number of visits at the patient level by classifying
patients as having 1, 2, or 3+ primary care visits of any type
during the study period.

Statistical analysis

Descriptive statistics were used to describe patient demo-
graphics and clinical characteristics according to telemedi-
cine use. Chi-squared and two sample ¢ test were used for
categorical and normally distributed continuous variables,
respectively. Using 1:1 nearest neighbor match without
replacement, we generated PSM cohorts for patients with
in-person visit only versus those with any telemedicine
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visits. For each risk factor (HbAlc, BP, and LDL-C), we
first fitted a logistic regression model on the PSM matched
cohort of patients to determine the association between
telemedicine use and whether or not the risk factor was
assessed. We then restricted the sample to the subgroup
of patients with the risk factor assessed, and fitted a sec-
ond logistic regression model to determine the associa-
tion between telemedicine use and whether or not the risk
factor was controlled. All logistic regression models were
adjusted for covariates including age, race/ethnicity, payer
type, comorbidities including atherosclerotic cardiovas-
cular disease and hypertension, whether the patient had
type 1 diabetes, and categories of total primary care visits,
as described above. Furthermore, because disparities in
telemedicine use have been described for older patients
and for those with socioeconomic barriers [13, 21, 22],
we conducted additional sensitivity analyses for subgroups
of patients who were 65 years or older, for non-Hispanic
Black patients, for non-White Hispanic patients, and for
patients with Medicaid. All analyses were conducted using
Stata statistical software, version 16 (StataCorp, College
Station, TX).

Results
Patient population and baseline characteristics

A total of 40,602 patients had at least one primary care
visit at CUIMC during the study period. Of these, 4932
patients had type 1 or 2 diabetes and were between the age
of 1875 years, meeting the inclusion criteria for the study
population. After PSM, we identified 912 patients who had
in-person visit only and 912 patients who had at least one
telemedicine visit. After PSM, demographic and clinical
characteristics were well-balanced between the two groups
(Table 1).

Assessment of diabetic risk factors

For each risk factors analyzed, telemedicine use was associ-
ated with a substantially lower proportion of patients having
the risk factor assessed during the study period, for both the
overall and PSM cohorts (Table 2). In propensity matched
multivariable models adjusting for demographic and clini-
cal covariables, telemedicine use continued to be associ-
ated with lower odds of assessment for all three risk factors.

Table 1 Demographic and clinical characteristics of patients with diabetes mellitus by telemedicine use, without and with propensity matching

All patients Propensity matched
In-person visits Telemedicine p value In-person visits Telemedicine p value
Only (n=1296) visit (n=3636) Only (n=912) visit (n=912)
*Age 61.3 (10.6) 60.5 (10.7) 0.02 61.1 (10.7) 61.1 (10.7) 0.98
Sex
Female 1408 (68%) 2228 (78%) <0.001 463 (51%) 464 (51%) 0.96
Race
White, non-Hispanic 293 (23%) 298 (8%) < 0.001 146 (16%) 151 (17%) 0.94
Hispanic, non-White 498 (38%) 2185 (60%) 418 (46%) 409 (45%)
Black 153 (12%) 430 (12%) 113 (12%) 112 (12%)
Asian, Hawaiian and Pacific Islander 46 (4%) 55 (2%) 18 2%) 23 (3%)
Other/declined/unknown 306 (24%) 668 (18%) 217 (24%) 217 (24%)
Primary insurance
Commercial 449 (35%) 606 (17%) <0.001 270 (30%) 260 (29%) 0.69
Medicare 600 (46%) 1766 (49%) 436 (48%) 431 (47%)
Medicaid 247 (19%) 1264 (35%) 206 (23%) 221 (24%)
Total number of visits
1 675 (52%) 462 (13%) <0.001 343 (38%) 337 (37%) 0.59
2 378 (29%) 820 (23%) 328 (36%) 348 (38%)
3 or more 243 (19%) 2354 (65%) 241 (26%) 227 (25%)
Medical conditions
Type 1 Diabetes 58 (4%) 131 (4%) 0.16 45 (5%) 29 (4%) 0.06
ASCVD 183 (14%) 491 (14%) 0.58 118 (13%) 110 (12%) 0.57
Hypertension 758 (58%) 2395 (66%) <0.001 545 (60%) 545 (60%) 1.00

*Age is reported as mean (standard deviation) in years
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Table 2 Rick factor assessment and control in patients with diabetes mellitus by telemedicine use, without and with propensity matching

All patients

Propensity matched

In-person visits only ~ Telemedicine visit ~ p value In-person visits only ~ Telemedicine visit  p value

Hemoglobin Alc

Assessed 701/1296 (54%) 141173636 (39%) <0.001  527/912 (58%) 245/912 (27%) <0.001

Last HbAlc<8% 464/701 (66%) 913/1411 (65%) 0.50 348/527 (66%) 165/245 (67%) 0.72

Last HbAlc, % 7.7(1.9) 7.8 (1.7) 0.56 7.7(1.8) 7.6 (1.7) 0.70
Blood pressure

Assessed 1273/1296 (98%) 3024/3636 (83%) <0.001  899/912 (99%) 709/912 (67%) <0.001

Last BP <130/80 mm Hg 391/1273 31%) 897/3024 (30%) 0.49 275/899 (31%) 190/709 (31%) 0.80

Last Systolic BP, mm Hg 133 (18) 135 (19) 0.01 134 (18) 133 (19) 0.48

Last Diastolic BP, mm Hg 78 (9) 79 9) 0.86 79 9) 78 (10) 0.45
LDL-C

Assessed 598/1296 (46%) 932/3636 (26%) <0.001  450/912 (49%) 181/912 (20%) <0.001

Last LDL-C<100 mg/dL.  396/598 (66%) 594/932 (64%) 0.32 304/450 (68%) 129/181 (71%) 0.36

Last LDL-C, mg/dL 87 (39) 90 (42) 0.18 87 (40) 83 (40) 0.21

Values for hemoglobin Alc (HbAlc), systolic and diastolic blood pressure (BP), and low-density lipoprotein cholesterol (LDL-C) are expressed
as mean (standard deviation); other values are expressed as proportions (percent)

When compared with patients with in-person visit only, the
odds ratio (OR) for HbAlc assessment was 0.24 (95% Con-
fidence Interval [CI] 0.19-0.29, p <0.001) for patients with
any telemedicine visits. Similarly, the OR for BP assess-
ment was 0.02 (95% CI 0.01-0.03 p <0.001), and the OR for
LDL-C assessment was 0.24 (95% CI 0.19-0.29, p <0.001)
(Table 3).

Control of diabetes risk factors

When risk factors were assessed, how well they were con-
trolled were similar between patients with in-person visits
only versus those with telemedicine visits, both for the over-
all and the PSM cohorts (Table 2). In propensity matched
multivariable models restricted to patients for whom the
individual risk factors were assessed and adjusting for demo-
graphic and clinical covariables, telemedicine use did not
significantly impact risk factor control. When compared with
patients with in-person visits only, the OR for HbAlc < 8%
was 1.04 (95% CI1 0.74-1.46, p=0.23) for patients with any
telemedicine visit. Similarly, the OR for BP < 130/80 mmHg
was 1.08 (95% CI 0.85-1.36 p=0.53), and the OR for
LDL-C <100 mg/dL was 1.14 (95% C10.76-1.72, p=0.52)
(Table 4).

Subgroup analyses

Subgroup analyses for patients > 65 years, non-White His-
panic patients, non-Hispanic Black patients, and those with
Medicaid insurance are shown in Appendix Tables 1 through
3. Similar to the main analysis, telemedicine use was associ-
ated with lower odds of assessment for each individual risk
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factor (i.e., HbAlc, BP, or LDL-C), although model for BP
assessment for non-Hispanic Black patients could not be fit-
ted due to collinearity. In patients for whom the individual
risk factor was assessed, there were generally no statistically
significant associations between telemedicine use and risk
factor control.

Discussion

Our study is among the first to examine the impact of pri-
mary care telemedicine use on cardiovascular risk factor
assessment and control for diabetic patients during the
COVID-19 pandemic. We found that diabetic patients with
telemedicine visits were significantly less likely to have had
assessment of cardiovascular risk factors including HbAlc,
BP, and LDL-C. However, when these risk factors were
assessed, telemedicine use was not significantly associated
with whether or not they were controlled. These findings
were also consistent in subgroups of patients who may have
technology barriers for telemedicine use, such as the elderly,
Black or non-White Hispanic patients, and those with Med-
icaid insurance [13]. Taken together, our findings suggest
that primary care telemedicine expansion can worsen gaps
in cardiovascular risk factor assessment in patients with dia-
betes, but the impact on control of these risk factors may be
more attenuated.

Our findings are consistent with recent reports that tel-
emedicine visits are less likely to contain BP measurement
or laboratory testing in the general population of patients
[14, 15], and further extend the literature on how telemedi-
cine use impacts diabetes care more specifically. Features
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Table 3 Association of telemedicine use with risk factor assessment in propensity matched cohort of patients with diabetes mellitus
HbAlc Assessed BP Assessed LDL-C Assessed
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Telemedicine use

In-person only Ref Ref Ref Ref Ref

Telemedicine 0.24 (0.19-0.29) <0.001 0.02 (0.01-0.03) <0.001 0.24 (0.19-0.29) <0.001
Age (per 10 years) 1.05 (0.93-1.20) 0.40 1.12 (0.94-1.35) 0.19 1.08 (0.95-1.23) 0.22
Sex

Female 1.34 (1.09-1.65) 0.005 1.21 (0.89-1.66) 0.22 1.34 (1.08-1.66) 0.007
Race

White, non-Hispanic Ref Ref Ref Ref Ref Ref

Hispanic, non-white 0.94 (0.70-1.28) 0.71 0.58 (0.36-0.95) 0.03 0.61 (0.45-0.83) 0.002

Black 0.87 (0.59-1.28) 0.48 0.62 (0.33-1.15) 0.13 0.73 (0.49-1.07) 0.11

Asian, Hawaiian and Pacific Islander 0.61 (0.29-1.27) 0.19 0.31 (0.11-0.91) 0.03 0.62 (0.30-1.29) 0.20

Other/declined/unknown 0.93 (0.66-1.29) 0.65 0.53 (0.31-0.90) 0.02 0.79 (0.56-1.10) 0.16
Primary insurance

Commercial Ref Ref Ref Ref Ref Ref

Medicare 1.15 (0.87-1.52) 0.34 1.56 (1.03-2.36) 0.04 0.93 (0.70-1.24) 0.64

Medicaid 1.08 (0.81-1.45) 0.60 1.54 (1.02-2.31) 0.04 0.71 (0.52-0.96) 0.03
Total number of visits

1 Ref Ref Ref Ref Ref Ref

2 2.70 (2.11-3.45) <0.001 5.06 (3.61-7.08) <0.001 2.00 (1.55-2.57) <0.001

3 or more 3.91 (2.96-5.18) <0.001 14.6 (8.58-24.8) <0.001 2.44 (1.94-3.23) <0.001
Medical conditions

Diabetes type 1 0.54 (0.31-0.96) 0.04 1.79 (0.70-4.54) 0.22 0.77 (0.44-1.37) 0.38

ASCVD 1.12 (0.82-1.53) 0.47 1.95 (1.10-3.46) 0.02 1.24 (0.90-1.70) 0.19

Hypertension 0.92 (0.73-1.14) 0.44 1.24 (0.89-1.71) 0.20 0.91 (0.72-1.15) 0.43

of telemedicine visits, such a lack of medical assistants tak-
ing vitals during rooming and additional delays between
visit and blood draw, may explain why these gaps are more
common when telemedicine is used as a substitution for
in-person care. In contrast, prior studies have shown that
telemedicine utilized as a supplement as opposed to a sub-
stitution for primary care, such as through remote patient
monitoring, can improve diabetes risk factor measurements
[23-27]. Future research should continue to explore how to
best integrate these tools into primary care visits for diabetic
patients [28, 29].

Importantly, our study did not find a significant relation-
ship between telemedicine use and risk factor control when
the individual risk factors were assessed. Although telemedi-
cine use can lead to decreased risk factor assessment, tel-
emedicine may nonetheless have helped patients access care
and thereby maintain risk factor control. Indeed, a recent
large national study using Optum claims data showed that
for more than 1.3 million patients with diabetes seen in
2019 and in 2020, mean weekly HbA 1c¢ was nearly identical
(7.16% versus 7.14%) despite nearly 30% of visits in 2020
delivered via telemedicine [30]. Furthermore, while there
have been previous reports that select patient populations

such as the elderly or racial/ethnic minorities may have more
challenges utilizing telemedicine [13], and while we did find
that Black and non-White Hispanic patients had poorer risk
factor control, it was reassuring that our subgroups analy-
ses did not demonstrate a significant relationship between
telemedicine use and risk factor control in these subgroups.
Nonetheless, we cannot exclude the possibility of a sam-
pling bias due to our observation design: i.e., patients who
had risk factor assessed in our study may be better engaged
with primary care, which can mask the impact of telemedi-
cine use on risk factor control, both in general and for the
subset of patients who may experience technology-driven
disparities.

Our results are also consistent with prior literature on
the challenges that remain for managing cardiovascular
risk factors in patients with diabetes. Previous studies
have described large gaps in diabetes care regarding car-
diovascular risk factor control [3, 8]. As described pre-
viously, a recent study based on NHANES data showed
that only 21% of patients with diagnosed diabetes had all
three measurements controlled between 2015 and 2018
[3], which only modestly improved from the previous
decade [7, 8]. In this analysis, 67% of diabetic patients
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Table 4 Association of telemedicine use with risk factor control in propensity matched cohort of patients with diabetes mellitus

$HbAlc<8% TBP < 130/80 mm/Hg § LDL-C< 100 mg/dL
(n=1772) (n=1508) (n=631)
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Telemedicine use
In-person only Ref Ref Ref Ref Ref Ref
Telemedicine 1.04 (0.74-1.46) 0.23 1.08 (0.85-1.36) 0.53 1.14 (0.76-1.72) 0.52
Age (per 10 years) 1.29 (1.07-1.57) 0.008 1.05 (0.91-1.20) 0.51 1.24 (1.00-1.53) 0.049
Sex
Female 1.20 (0.88-1.64) 0.26 1.21 (0.97-1.52) 0.10 0.70 (0.48-1.01) 0.06
Race
White, non-Hispanic Ref Ref Ref Ref Ref Ref
Hispanic, non-White 0.48 (0.30-0.78) 0.003 0.70 (0.51-0.97) 0.03 0.44 (0.26-0.76) 0.003
Black 0.57 (0.31-1.04) 0.07 0.51 (0.33-0.79) 0.002 0.40 (0.21-0.78) 0.007
Asian, Hawaiian and Pacific Islander 0.37 (0.12-1.14) 0.08 1.46 (0.69-3.07) 0.32 1.04 (0.26-4.20) 0.96
Other/declined/unknown 0.65 (0.38-1.11) 0.12 0.74 (0.52-1.05) 0.09 0.49 (0.28-0.88) 0.02
Primary insurance
Commercial Ref Ref Ref Ref Ref Ref
Medicare 0.66 (0.43-1.03) 0.07 0.96 (0.70-1.30) 0.77 1.53 (0.96-2.46) 0.08
Medicaid 0.62 (0.39-0.98) 0.04 1.11 (0.80-1.53) 0.53 0.95 (0.57-1.59) 0.85
Total number of visits
1 Ref Ref Ref Ref Ref Ref
2 1.02 (0.68-1.53) 0.92 0.79 (0.60-1.04) 0.09 1.39 (0.88-2.18) 0.16
3 or more 1.01 (0.66-1.56) 0.95 0.95 (0.70-1.27) 0.71 1.32 (0.81-2.16) 0.27
Medical conditions
Diabetes type I 0.31 (0.12-0.85) 0.02 1.67 (0.97-2.87) 0.07 1.07 (0.40-2.81) 0.90
ASCVD 0.68 (0.44-1.07) 0.09 1.19 (0.86-1.66) 0.30 2.41 (1.27-4.59) 0.007
Hypertension 0.88 (0.63-1.24) 0.48 0.55 (0.43-0.70) <0.001 1.28 (0.87-1.87) 0.21

achieved HbAlc control, 48% of patients achieved BP
control and 60% of patients achieved LDL control. Our
findings are also similar. When cardiovascular risk fac-
tors were assessed, less than 70% of diabetic patients in
our sample had HbAlc < 8% and LDL-C < 100 mg/dL,
while only a third of patients had BP < 130/80 mmHg.
Non-Hispanic Black and non-White Hispanic patients
were even less likely to have control of these risk factors.
While the limitations of EHR data capture can explain
some of these findings, these results highlight continuing
challenges for diabetic risk factor management, especially
in setting of COVID-19 pandemic related care disruptions
[31]. Indeed, one previous study conducted during the
peak of the COVID-19 pandemic in Italy concluded that
the most vulnerable patients with diabetes were those most
likely to lose access to care during the pandemic. These
included patients with high complication burden and com-
plex pharmacotherapy treatments. These results highlight
that new approaches to ensure all patients have access to
care, whether it be in-person or through telemedicine, is
a vital component for achieving better cardiovascular risk
factor control [32].
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This study has several limitations. Our retrospective
design is necessarily hypothesis generating, and we cannot
exclude unmeasured confounders due to the use of EHR
data. Furthermore, our study used data during the COVID-
19 pandemic, which contained time periods when patients
had more restricted access to care. Because data was not
available regarding risk factor assessment in patients with
diabetes mellitus during prior years, we could not extrapo-
late our findings outside of the context of the COVID-19
pandemic. Residual confounding may also remain as clinical
characteristics may differ between patients with and with-
out risk factor assessment, and our findings should be con-
sidered descriptive. Moreover, our study only used BP and
laboratory values recorded in our EHR. Patients may have
had additional BP measurements outside our health system,
and although our EHR included data feed from major out-
side laboratories, such as Quest and Labcorp, it is likely
that there were outside HbAlc and LDL-C values that we
were unable to capture, especially for telemedicine users.
Nonetheless, these limitations are mitigated by our use of a
primary care population as the study sample, since patients
receiving primary care would be more likely to have most
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office visits and laboratory testing within our healthcare
system.

Conclusions

Cardiovascular risk factors, including HbAlc, BP, and LDL-
C, were less likely to be assessed during the COVID-19 pan-
demic for primary care patients with diabetes mellitus who
used telemedicine. However, when they were assessed, tel-
emedicine use did not impact whether these risk factors were
controlled. Future studies will need to examine the long term
impact of routine telemedicine use on diabetes management,
and to identify best approaches to implement telemedicine
as a component of high quality primary care.
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