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ABSTRACT
Introduction. An annual fasting lipid panel (FLP) is recommended 
for patients with diabetes, with more frequent testing advised during 
the escalation of cholesterol-lowering therapy. However, the calculat-
ed low-density lipoprotein cholesterol (LDL-C) using the Friedewald 
equation becomes unreliable when triglycerides are ≥400 mg/dL. In 
such cases, providers must order a separate direct LDL-C assay to 
obtain accurate results. Failing to do so may lead to missed opportuni-
ties for therapy intensification. This study examined an institution's 
current practices for following up on invalid LDL-C results, especially 
considering the stringent LDL-C targets outlined in recent guidelines 
and consensus statements.     
Methods.xThe authors conducted a retrospective chart review across 
13 outpatient clinics within a single health system over five years. The 
study included patients aged 40-75 with diabetes who had at least one 
invalid LDL-C result. They assessed the frequency of ordering a direct 
LDL-C assay within seven days of an invalid LDL-C result.  
Results. Out of 1,364 unique invalid FLPs, 97 (7.1%) met the criteria for 
the primary outcome. The rate of therapy escalation was not numerical-
ly affected by whether a direct LDL-C was ordered or the provider type. 
However, patients without a direct LDL-C ordered within seven days 
showed a trend towards more frequent therapy escalation (16.2%, n = 
25/154) compared to those with a direct LDL-C (14.9%, n = 23/154).  
Conclusions. The current practice at this institution of manually order-
ing a direct LDL-C assay to verify invalid LDL-C results poses a risk of 
missing necessary guideline-directed therapeutic intensification. This 
process may be improved by implementing a reflex direct LDL-C assay. 

INTRODUCTION
Diabetes mellitus is a major risk factor for the development of ath-

erosclerotic cardiovascular disease (ASCVD), the leading cause of 
mortality and morbidity in patients with diabetes.1,2 ASCVD also sig-
nificantly increases the costs and demands of diabetes care.3,4 A fasting 
lipid panel (FLP) is essential for assessing clinical ASCVD risk, with
low-density lipoprotein cholesterol (LDL-C) identified as the primary 

contributor to atherogenic risk.5 However, FLPs do not directly measure 
LDL-C; instead, the Friedewald equation is used to calculate its value. 
When triglycerides (TG) exceed 400 mg/dL, the Friedewald equation 
yields an “invalid” LDL-C value, rendering it clinically useless.6 In such 
cases, a direct LDL-C assay, which measures LDL-C independently, 
provides a more accurate estimation of ASCVD risk. While a direct 
LDL-C is generally more reliable than other formulas, most compari-
son studies in patients with diabetes have excluded those with elevated 
TG.7-13

In this health system, the standard outpatient practice relies on the 
Friedewald equation to calculate LDL-C from a patient’s FLP. However, 
there is no automated reflex order for a direct LDL-C assay when an 
“invalid” LDL-C is reported. Providers must manually review FLP 
results and determine whether a direct LDL-C assay is necessary. Given 
that recent guidelines and consensus statements have set increasingly 
stringent LDL-C goals, appropriate monitoring and pharmacothera-
py are crucial for effective care.1,14,15 Adjusting medications to achieve 
LDL-C targets has been associated with a reduction in major vascular 
events.16,17 However, limited information is available on the clinical con-
sequences of relying on manual ordering of direct LDL-C assays rather 
than automating the process for elevated TG.18-20

The authors of this retrospective study examined the institution’s 
current practices in following up on “invalid” LDL-C results to identify 
opportunities for improving patient care and reducing ASCVD risk.

METHODS
Study Design and Setting. The authors conducted a retrospective 

chart review across 13 outpatient clinics within a single health system, 
from January 1, 2016 to December 31, 2021. This study was reviewed 
and approved by the local Institutional Review Board (IRB). The clinics 
are part of Ascension Medical Group Via Christi, which provides both 
primary and specialty care to patients in south-central Kansas.

Study Population. The authors included patients diagnosed with 
Type 1 or Type 2 diabetes, aged 40-75 years, who had at least one 
“invalid” LDL-C result due to TG ≥400 mg/dL during the study period. 
The lipid panels were ordered by affiliated outpatient providers practic-
ing in primary care, cardiology, or endocrinology. Patients with familial 
hypercholesterolemia or those who were pregnant at the time of the 
baseline lipid panel were excluded.

Data Collection. Clinical and demographic data were collected 
from the health system’s electronic health record (EHR). Patient 
characteristics included age, biological sex, diabetes diagnosis (Type 
1 or Type 2), race, ethnicity, and primary insurance payer. The active 
medication list for each patient was reviewed at the time of the base-
line “invalid” LDL-C and again two weeks later. Data were collected on 
documented prescriptions and any escalation of cholesterol-lowering 
therapy, including the use of statins, fibric acid derivatives, ezetimibe, 
proprotein convertase subtilisin/kexin type 9 (PCSK-9) inhibitors, 
bile acid sequestrants, prescription omega-3 fatty acids, niacin, and 
bempedoic acid. The ordering provider type for the baseline FLP and 
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any follow-up labs also was noted, distinguishing between physicians 
(M.D. or D.O.), physician associates (P.A.), and advanced practice reg-
istered nurses (APRN). The first FLP with an invalid LDL-C during 
the study period was defined as the “baseline FLP,” though this may not 
have been the first FLP recorded in the EHR. All subsequent FLPs and 
direct LDL-C results following the baseline event were collected until 
the end of the study period. Lab results from outside the health system 
or during inpatient admissions were excluded.

Primary Outcome. The primary outcome was the frequency of 
direct LDL-C assays ordered within seven days of an “invalid” LDL-C 
result. The health system retains blood samples for up to seven days, 
allowing for additional analysis without requiring a repeat blood draw. 
Each FLP with an invalid LDL-C result was treated as a new encounter, 
meaning that a single patient could have multiple FLPs included in this 
study.

Secondary Outcomes. Secondary outcomes were analyzed in 
encounters where a repeat FLP was available within 18 months of the 
baseline event or before the study period ended, whichever came first. 
These outcomes included the time from the baseline FLP to the direct 
LDL-C order and/or repeat FLP, as well as the frequency of direct 
LDL-C inclusion in subsequent lipid panels. The frequency of choles-
terol-lowering therapy escalation within two weeks of the baseline lipid 
panel also was examined. Therapy escalation was defined as an increase 
in dose, the addition of a cholesterol-lowering medication, or a change 
in statin use from a lower to a higher intensity dose. Rates of therapy 
escalation were compared based on provider type and whether a direct 
LDL-C had been ordered within seven days. Additionally, the frequency 
of direct LDL-C orders within seven days of the baseline FLP, stratified 
by provider type, was compared.

Statistical Analysis. Descriptive statistics were used to analyze the 
data. The secondary outcome analysis was restricted to baseline FLPs. 
IBM SPSS (Statistical Package for the Social Sciences; Armonk, NY), 
version 26, was used for the analysis.

RESULTS
A total of 1,392 diabetic patients were identified as having at least 

one “invalid” LDL-C result during the study period. These patients 
collectively had 1,806 unique FLPs with an “invalid” LDL-C result. 
After applying the inclusion criteria, 442 baseline FLPs were excluded, 
leaving 1,364 FLPs for analysis. Of these, 97 (7.1%) had a direct LDL-C 
assay ordered within seven days of the “invalid” LDL-C result. The 
characteristics of the entire patient population are detailed in Table 1.

Table 1. Patients' characteristics.
Clinical Variables Total FLP Assays (N = 1364)

Biological sex at birth, no. (%)

Male 792 (58.1)

Female 572 (41.9)

Age, mean years (SD) 57 (8.8)

Diabetes diagnosis, no. (%)

Type 2 1,340 (98.2)

Type 1 24 (1.8)

Race, no. (%)

White or Caucasian 1,257 (92.1)

Black or African American 53 (3.9)

Asian 16 (1.2)

American Indian or Alaska Native 8 (0.6)

Decline to specify 30 (2.2)

Ethnicity, no. (%)

Not Hispanic or Latino 1,249 (91.6)

Hispanic or Latino 92 (6.7)

Decline to specify 23 (1.7)

Primary insurance, no. (%)

Commercial 806 (59.1)

Medicare 373 (27.3)

Medicaid 39 (2.9)

Tricare 11 (0.8)

Self-pay 52 (3.8)

Charity 3 (0.2)

Not reported 80 (5.9)

FLP, fasting lipid panel; SD, standard deviation.

For the secondary outcome analysis, 955 FLPs with an eligible 
follow-up FLP were included. Among these, 71 (7.4%) had a direct 
LDL-C obtained within seven days. The majority of baseline FLPs were 
ordered by physicians (839), followed by P.A.s (67) and APRNs (49). 
When a direct LDL-C was measured, it was typically obtained a mean 
of 115 days after the baseline “invalid” LDL-C result. The follow-up FLP 
was drawn a median of five months after the baseline FLP, with a direct 
LDL-C being measured during follow-up in 2.6% (n = 25) of cases.

Of the 955 FLPs included in the secondary outcome analysis, 154 
(16.1%) were associated with an increase in cholesterol-lowering 
therapy within two weeks of the FLP. Although overall rates were low, 
patients without a direct LDL-C ordered within seven days showed 
a slight trend toward more frequent therapy escalation (16.2%, n = 
25/154) compared to those who had a direct LDL-C ordered (14.9%, 
n = 23/154).

DISCUSSION
Findings of this study highlighted that direct LDL-C values are 

infrequently obtained in patients with “invalid” LDL-C results due to 
elevated triglycerides. The clinics involved may not be achieving timely 
cholesterol monitoring, which could hinder optimal, evidence-based 
patient care. Identifying these potential gaps in current practice may 
support the development of new procedures to enhance patient out-
comes.

The findings also indicated that the rate of follow-up using a direct 
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with the direct assay most ordered on the same day as the baseline 
lab. Instead, providers often opted for a repeat FLP, which typically 
occurred five to six months after the initial event. This delay may suggest 
difficulties providers face in making guideline-directed medical therapy 
adjustments. The data across different provider types suggested that 
these monitoring trends are consistent throughout the institution.

Within this health system, it was estimated that a direct LDL-C 
assay costs approximately 50% less than an FLP. Despite this, the 
study showed that providers tend to favor repeating an FLP over order-
ing a direct LDL-C, resulting in a 100% increase in monitoring costs. 
Implementing a reflex direct LDL-C assay could potentially reduce lab 
monitoring costs by about 25%, not accounting for the additional time 
health care personnel spend collecting, analyzing, and interpreting labs. 
Previous literature has found that using direct LDL-C assays can lead 
to a 33% cost savings compared to FLP monitoring.21

Limitations. This study had several limitations, primarily due to its 
retrospective design. The rationale behind dose escalation decisions, or 
the lack thereof, could not be determined without insight into the treat-
ment decision-making process. The accuracy of the medication lists 
relied on the practices of individual providers, and there was a possibil-
ity of incomplete lab records. Additionally, only the provider's degree 
was analyzed, leaving the influence of the provider's specialty on lab 
monitoring preferences unknown.

CONCLUSIONS
Through this study, the authors found that the lack of LDL informa-

tion, due to the limitations of the standard FLP, can increase the risk of 
patients receiving insufficient therapeutic intensification. This, in turn, 
may impede the achievement of guideline-based goals for optimal cho-
lesterol-lowering therapy and ASCVD risk reduction. Implementing a 
reflex direct LDL-C assay with FLP orders, coupled with provider edu-
cation, could enhance adherence to guideline-recommended therapy 
while reducing healthcare costs.
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