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Background: Familial hypercholesterolemia (FH) is a condition characterized by high choles-

terol levels and increased risk for coronary heart disease (CHD) that often goes undiagnosed. The 

Dutch Lipid Network Criteria (DLNC) are used to identify FH in clinical settings via physical 

examination, personal and family history of CHD, in addition to the presence of deleterious 

mutations of the LDLR, ApoB, and PCSK9 genes. Agreement between clinical and genetic 

diagnosis of FH varies. While an ICD diagnosis code was not available for coding FH until 

2016, Systematized Nomenclature of Medicine (SNOMED) clinical concept codes, including 

genetic diagnoses, for FH have been utilized in electronic health records (EHRs).

Objective: To evaluate the concordance of identifying FH via SNOMED and ICD-10 CM 

codes vs the DLNC in an EHR database.

Methods: Using the Practice Fusion EHR database, the sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value were calculated comparing an FH cohort identified 

via SNOMED and ICD-10 CM codes to one identified via the DLNC.

Results: Among 907,616 patients with hypercholesterolemia, 2,180 were identified as FH via 

SNOMED code (zero were identified via ICD-10 CM), 259 had a DLNC score 6–8 (probable 

FH), and 45 had a DLNC score >8 (definite FH). Compared to DLNC score >8, the sensitivity, 

specificity, and PPV of the FH SNOMED code were 84.4%, 99.4%, and 6.4%, respectively. 

Compared to DLNC score ≥6, the sensitivity was 36.8% and the specificity was 99.5% with a 

PPV of 18.7%.

Conclusion: Compared to the clinical criteria for FH, identification of FH patients via SNOMED 

diagnosis codes had high sensitivity and specificity, but low PPV. The discordance of these two 

techniques in identifying FH patients speaks to the challenges in identifying FH patients in large 

electronic databases such as administrative claims and EHR.

Keywords: familial hypercholesterolemia, Dutch Lipid Network Criteria, electronic health 

record, SNOMED

Introduction
Familial hypercholesterolemia (FH) is a genetic disorder characterized by elevated 

cholesterol levels, specifically, high levels of low-density lipoprotein cholesterol 

(LDL-C) often resulting in premature coronary heart disease (CHD).1 The most recent 

prevalence estimates of heterozygous FH in the USA suggest between 1 in 212 and 

1 in 250 individuals may be affected.2,3 Historically, the prevalence of homozygous 

FH has been estimated to be 1 in 1,000,000, whereas new research has shown the 

prevalence may range from 1 in 160,000 to 1 in 300,000 individuals.1,4–7 Nordestgaard 

et al estimated that there are between 14 and 34 million individuals living with FH 
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worldwide.1 Given the underutilization of genetic testing and 

the lack of awareness of FH in the clinical community, even 

the most current prevalence estimates may under-represent 

true prevalence of this condition in the general population. 

Thus, many individuals may not be getting the appropriate 

therapies to control their LDL-C.

Genetic variants leading to FH are present in the LDLR, 

APOB, or PCSK9 genes, accounting for >90%, 5%, and 

1% of FH cases, respectively.5,8–11 However, FH is most 

frequently diagnosed clinically based on elevated levels of 

LDL-C, premature CHD, family history of cardiovascular 

disease (CVD) and/or high LDL-C, and physical signs of 

elevated cholesterol.4 Although a positive genetic test for FH 

is conclusive evidence of the disease, FH cannot be ruled out 

in the result of a negative genetic test. In fact, ~20% of clini-

cally evident FH patients do not appear to have a mutation 

identified in the FH-associated genes.12 A recent study by 

Khera et al found that ~2% of individuals free of coronary 

artery disease (CAD) with LDL-C ≥190 mg/dL (identified 

as FH patients based solely on LDL-C) tested positive for a 

mutation in one of the FH-associated genes.13 The same study 

also found the risk of CAD was higher among individuals 

with a genetic mutation for FH, even within LDL-C strata, 

suggesting that cumulative lifelong exposure to elevated 

LDL-C is associated with a higher CAD risk.

Concordance between the genetic and clinical diagnosis of 

FH varies widely due to inconsistencies in how FH is clinically 

diagnosed as well as lack of full understanding of the genetic 

basis of the disease.13–16 There are several existing clinical crite-

ria used to diagnosis FH: 1) the Dutch Lipid Network Criteria 

(DLNC); 2) the Simon Broome criteria; and 3) the Make Early 

Diagnosis to Prevent Early Death (MEDPED) criteria.1,5,15,17 

These three sets of criteria are similar in their diagnostic 

parameters and are generally viewed as interchangeable by 

clinicians. The DLNC is perhaps the most widely recognized 

score and uses five criteria (both clinical and genetic) to iden-

tify FH: family history of CVD, clinical history of premature 

CHD, physical examination for xanthomas or corneal arcus, 

very high LDL-C on repeated measurements, and a causative 

mutation detected by genetic testing.

Until the recent introduction of the ICD, 10th Revision 

(ICD-10 CM-CM) code for FH in October 2016 (ICD-10 

CM E78.01), an ICD diagnosis code for FH did not exist in 

the USA, making it difficult to identify individuals with FH 

within large healthcare databases. However, Systematized 

Nomenclature of Medicine (SNOMED) clinical concept 

codes for FH do exist. SNOMED is a comprehensive and 

precise clinical coding system that was developed and sup-

ported by the International Health Terminology Standards 

Organization and the US National Library of Medicine 

as a standard for electronic exchange of clinical health 

information.18 The Office of the National Coordinator for 

Health Information Technology has approved SNOMED as 

a vocabulary code set to ensure consistent clinical terminol-

ogy between systems.19 As such, SNOMED codes are often 

implemented and mapped to other coding systems within 

EHR software applications. The SNOMED system includes 

a code for FH, as well as specific codes for heterozygous 

and homozygous FH, and FH associated with a mutation in 

a specific gene (LDLR, APOB, and PCSK9).

The recent introduction of the ICD-10 CM code for FH 

and the increased utilization of SNOMED codes provide an 

opportunity to more easily identify FH patients in EHR sys-

tems. However, it is unclear whether physicians are utilizing 

these codes while doing a clinical work-up for FH through 

criteria such as the DLNC. For example, providers may 

enter in clinical components of the DLNC without explicitly 

recording that the patient has FH; alternatively, providers may 

record that the patient has FH without explicitly recording 

the clinical components that comprise it. Thus, our objective 

was to evaluate the concordance of FH diagnosis codes with 

DLNC clinical criteria for FH within an EHR database.

Methods
Patient population
We used data from the Practice Fusion EHR database that 

consists of patient-level data from their proprietary cloud-

based ambulatory EHR platform, currently in use at over 

30,000 practices in all 50 US states. A majority of Practice 

Fusion practices are single provider or small group practices. 

Data are available for over 38 million unique patients start-

ing in 2010, of which over 16 million are currently active 

on the platform. Data are updated daily and are made avail-

able for analysis in a Health Information Privacy Protection 

Act-compliant de-identified research database. Substantial 

data validation and quality checks are performed as part of 

this process. Amgen licensed the Practice Fusion EHR data 

for analytic use. Institutional review board approval was not 

necessary for this study, as we did not intervene on patients 

whose data are included in the Practice Fusion EHR.

SNOMED codes were introduced into the Practice Fusion 

EHR platform in 2013. When entering a diagnosis into a struc-

tured field, Practice Fusion EHR users search for clinically 

meaningful terms related to a disease condition, for example, 

“familial hypercholesterolemia”. From there, a drop-down list 

of matching diagnosis codes appears. A physician will then 

choose the code that best captures the patient’s diagnosis, 

which is then automatically mapped to all other correspond-
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ing diagnosis codes. For example, a physician may type in 

“familial hypercholesterolemia” into the record. A drop-down 

list of diagnosis codes appears from which a physician chooses 

the ICD-10 CM code for FH. It is automatically mapped to 

the corresponding SNOMED and IC-9 codes (Figure S1). As 

opposed to claims-based coding, the recording of diagnosis in 

an EHR is not related to billing and reimbursement.

For this analysis, four patient cohorts of interest were 

identified between January 1, 2013 and October 16, 2016. 

The hypercholesterolemia cohort was defined as the source 

population by the presence of at least one of the following 

ICD diagnosis codes for pure hypercholesterolemia: 272.0, 

E78.0. Within the hypercholesterolemia cohort, the FH 

SNOMED/ICD-10 CM cohort was defined by the presence 

of either a SNOMED or ICD-10 CM diagnosis code for FH 

(Table 1). Also within the hypercholesterolemia cohort, the 

FH DLNC cohort was defined via diagnoses and LDL-C lab 

test results that identify patients who meet the DLNC for FH. 

A patient receives a specific number of points for each DLN 

criterion that is present, which are then summed into an over-

all score. The score is categorized into the following groups: 

>8 definite FH; 6–8, probable FH; 3–5, possible FH; and <3, 

unlikely FH. See Table S1 for corresponding SNOMED, 

Logical Observation Identifiers Names and Codes, ICD-10 

CM, and ICD-9 codes used to identify the DLNC.

Statistical analysis
Within each cohort, we calculated the distribution of patient 

demographics, number of patient visits, available follow-up 

time in the database, prescribed medications, LDL-C values, 

and other lab values (high-density lipoprotein cholesterol 

[HDL], triglycerides, total cholesterol, and LDL-C/HDL-C 

ratio). We evaluated the prescription of lipid lowering therapy 

(LLT) (statins, ezetimibe, and PCSK9 inhibitors) and other 

concomitant medications (insulin and other glucose lower-

ing agents, as well as antihypertensives) at any point in the 

patient’s record. We evaluated both the highest available and 

most recent LDL-C value in a patient’s record. For categorical 

variables, we calculated the number and percent of patients 

within each cohort with the variable of interest; for continu-

ous variables, we calculated mean and SD within each cohort.

In this analysis, we compared a diagnosis of FH recorded 

via a SNOMED or ICD-10 CM code to the DLNC clinical 

diagnosis of FH. The sensitivity (Se), specificity (Sp), posi-

tive predictive value (PPV), negative predictive value (NPV), 

and the corresponding 95% CIs of identifying FH patients 

via SNOMED/ICD-10 CM codes vs several cut points of the 

DLNC score (DLNC >8, DLNC ≥6, and DLNC ≥3) were 

calculated. The calculation of Se, Sp, PPV, and NPV was 

limited to patients meeting at least one of the DLNC com-

ponents. All analyses were conducted in IBM Netezza SQL.

Results
In the Practice Fusion database, 907,616 patients with hyper-

cholesterolemia were identified between January 1, 2013 and 

October 16, 2016. Of these patients, 2,180 (0.24%) were 

identified as FH via an SNOMED code (there were no records 

of an ICD-10 CM code for FH), 96,392 (10.6%) had at least 

one criterion of the DLNC, 259 (0.03%) had a DLNC score 

6–8 indicating probable FH, and 45 (0.005%) had a DLNC 

score >8 indicating definite FH (Table 2). Among patients 

identified as definite FH, 38 (84.4%) were also identified as 

FH via SNOMED codes, while among patients identified 

as probable FH, 74 (28.6%) were also identified as FH via 

SNOMED codes (Figure 1).

Table 2 summarizes the baseline demographic and clinical 

characteristics among patients in the hypercholesterolemia 

cohort, FH SNOMED cohort, those meeting at least 1 of the 

DLN criterion, those with a DLNC score 6–8, and those with 

a DLNC score >8. Individuals identified as FH via SNOMED 

code and via the DLNC were younger and a higher proportion 

were female than those in the source hypercholesterolemia 

Table 1 SNOMED and ICD-10 codes for familial hypercholesterolemia

Code Code type Description

31654005 SNOMED Familial hypercholesterolemia (disorder)
398036000 SNOMED Familial hypercholesterolemia (disorder)
238079002 SNOMED Familial hypercholesterolemia – heterozygous (disorder)
238078005 SNOMED Familial hypercholesterolemia – homozygous (disorder)
403831006 SNOMED Familial hypercholesterolemia due to genetic defect of apolipoprotein B (disorder)
403829002 SNOMED Familial hypercholesterolemia due to heterozygous low-density lipoprotein receptor mutation (disorder)
403830007 SNOMED Familial hypercholesterolemia due to homozygous low-density lipoprotein receptor mutation (disorder)
E78.01 ICD-10 Familial hypercholesterolemia (effective from October 1, 2016)

Abbreviation: SNOMED, Systematized Nomenclature of Medicine. 
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cohort. The average number of visits in the EHR during the 

study period ranged from 9.5 among the FH SNOMED cohort 

to 21.0 among those with DLNC score >8. The average Quan 

Enhanced Charlson comorbidity score was highest among 

those with DLNC score >8 and DLNC score 6–8, followed 

by the hypercholesterolemia cohort, those with at least 1 DLN 

criterion, and the FH SNOMED cohort. Prescription of statins 

ranged from 48.4% among those in the FH SNOMED cohort 

to 68.7% among those with a DLNC score 6–8 (Table 2). 

Prescriptions for nonstatin LLTs were most frequent among 

those with a DLNC >8.

Patients who had a DLNC score 6–8 and >8 had the high-

est mean LDL-C values (Table 3), and ~62% of patients with 

a DLNC score 6–8 had an LDL-C value of at least 330 mg/

dL (data not shown). The mean LDL-C value among those 

in the FH SNOMED cohort and those meeting at least one 

DLN criterion was higher than among those in the hypercho-

lesterolemia cohort (for both most recent and highest LDL-C 

Table 2 Baseline demographics and clinical characteristics among patients identified in the Practice Fusion EHR database (2013–2016)

Characteristics Hypercholesterolemia FH 
SNOMED

At least 1 
DLN criterion

DLNC 
score 6–8

DLNC 
score >8

Total, N N=907,616 N=2,180 N=96,392 N=259 N=45
Age (years), n (%)

Mean (SD) 63.9 (15.4) 48.0 (20.9) 57.2 (13.2) 52.3 (12.0) 52.5 (14.5)
<18 9,652 (1.1) 288 (13.2) 530 (0.8) 5 (1.9) 1 (2.2)
18–39 49,727 (5.5) 392 (18.0) 7,498 (7.8) 49 (18.9) 7 (15.6)
40–64 381,168 (42.0) 997 (45.7) 62,060 (64.4) 155 (59.8) 27 (60.0)
65–74 234,175 (25.8) 319 (14.6) 16,690 (17.3) 33 (12.7) 8 (17.8)
75+ 232,787 (25.6) 184 (8.4) 9,612 (10.0) 17 (6.6) 2 (4.4)
Female gender, n (%) 502,197 (55.3) 1,291 (59.2) 56,026 (58.1) 165 (63.7) 32 (71.1)

Ethnicity, n (%)
Hispanic 131,168 (14.5) 287 (13.2) 12,753 (13.2) 30 (11.6) 3 (6.7)
Non-Hispanic 516,743 (56.9) 998 (45.8) 57,470 (59.6) 140 (54.1) 26 (57.8)
Missing/unknown 259,705 (28.6) 895 (41.1) 26,169 (27.1) 89 (34.4) 16 (35.6)

Race
White 433,710 (47.8) 969 (44.4) 43,832 (45.5) 106 (40.9) 24 (53.3)
African American 84,599 (9.3) 105 (4.8) 11,545 (12.0) 36 (13.9) 3 (6.7)
Other 87,466 (9.6) 134 (6.1) 10,414 (10.8) 19 (7.3) 2 (4.4)
Missing/unknown 301,841 (33.3) 972 (44.6) 30,601 (31.7) 98 (37.8) 16 (35.6)
No of visits (mean) 10.2 9.5 13.6 13.6 21.0
>1 visit since 2013, n (%) 783,701 (86.3) 1,890 (86.7) 91,978 (95.4) 248 (95.8) 45 (100.0)

Comorbidities, n (%)
Quan Enhanced Charlson 
comorbidity scorea (mean)

0.96 0.61 0.92 0.96 1.15

Any malignancy 38,382 (4.2) 63 (2.9) 3,716 (3.3) 4 (1.5) 3 (6.7)
Cerebrovascular disease 46,972 (5.2) 73 (3.3) 8,001 (8.3) 17 (6.6) 4 (8.9)
Congestive heart failure 34,095 (3.8) 43 (2.0) 2,866 (3.0) 9 (3.5) 2 (4.4)
Diabetes with chronic 
complicationb

40,309 (4.4) 64 (2.9) 3,273 (3.4) 21 (8.1) 1 (2.2)

Diabetes without chronic 
complication

247,919 (27.3) 288 (13.2) 21,285 (22.1) 42 (16.8) 10 (22.2)

Myocardial infarction 12,654 (1.4) 19 (0.9) 2,433 (2.5) 5 (1.9) 1 (2.2)
Peripheral vascular disease 50,268 (5.5) 70 (3.2) 6,784 (7.0) 15 (5.8) 6 (13.3)
Renal disease 50,117 (5.5) 69 (3.2) 4,976 (5.2) 23 (8.9) 2 (4.4)

Prescribed medications, n (%)
Statin (any intensity) 563,821 (62.1) 1,055 (48.4) 61,137 (63.4) 178 (68.7) 24 (53.3)
Ezetimibe 35,910 (4.0) 177 (8.1) 4,967 (5.2) 35 (13.5) 7 (15.6)
PCSK9 inhibitor 639 (0.1) 105 (4.8) 275 (0.3) 9 (3.5) 7 (15.6)
Antihypertensive 421,260 (46.4) 535 (24.5) 40,146 (41.6) 83 (32.0) 13 (28.9)
Insulin 64,160 (7.1) 80 (3.7) 5,840 (6.1) 15 (5.8) 3 (6.7)

Notes: aThe Quan enhanced comorbidity score ranges from 0 to 37. bChronic complications of diabetes include renal manifestations, ophthalmic manifestations, neurological 
manifestations, and peripheral circulatory disorders.
Abbreviations: EHR, electronic health record; FH, familial hypercholesterolemia; SNOMED, Systematized Nomenclature of Medicine; DLNC, Dutch Lipid Network 
Criteria.
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values) (Table 3). The mean levels of triglycerides, total 

cholesterol, and the LDL/HDL ratio were relatively higher 

among patients with DLNC score 6–8 and >8 compared to 

the other cohorts.

Among the full hypercholesterolemia cohort, 10.6% 

(N=96,392) had at least one DLN criterion compared with 

27.4% (N=598) among the FH SNOMED cohort. Among 

hypercholesterolemia patients with at least one of the DLN 

criterion, LDL-C between 155 and 189 mg/dL (58.0%) 

was the criterion most frequently met, followed by LDL-C 

190–249 mg/dL (18.3%), clinical history of premature 

CAD (11.2%), and clinical history of premature cerebral 

or peripheral vascular disease (9.1%) (Figure 2). Among 

FH SNOMED patients with at least one of the DLN crite-

rion, LDL-C 190–249 mg/dL was the most frequently met 

(33.9%), followed by LDL-C 155–189 mg/dL (27.9%), a 

positive genetic test (15.6%), clinical history of premature 

CAD (10.9%), LDL-C 250–239 mg/dL (9.7%), and family 

history of premature coronary and vascular disease or LDL-C 

above the 95th percentile (9.4%).

Among the 96,392 patients with at least one DLN cri-

terion, 45 had a DLNC score >8, 304 had a DLNC score 

≥6, 20,048 had a DLNC score ≥3, and 598 were identified 

as FH via an SNOMED code. Compared to the DLNC >8, 

the sensitivity of the FH SNOMED code was 84.4% and 

the specificity was 99.4%, with a PPV of 6.4% (Table 4). 

Compared to a DLNC ≥6, the sensitivity was 36.8% and the 

specificity was 99.5% with a PPV of 18.7%.

Discussion
Compared to the clinical criteria for FH, the identification of 

FH patients via SNOMED diagnosis codes had high sensitiv-

ity and specificity, but low PPV. These results indicate that 

FH patients identified via SNOMED codes are unlikely to 

be identified using clinical criteria contained in their EHR, 

even at several cutoff levels of the DLNC. The discordance 

of these two techniques in identifying FH patients speaks to 

Table 3 Lab values among patients identified in the Practice Fusion EHR database (2013–2016)

Lab Hypercholesterolemia FH 
SNOMED

At least 1 
DLN criterion

DLNC score 
6–8

DLNC 
score >8

Total N=907,616 N=2,180 N=96,392 N=259 N=45

LDL-C: n (%) with measure 339,112 (37.4) 946 (43.4) 82,429 (85.5) 217 (83.8) 41 (91.1)
Most recent: mean (SD) (mg/dL) 111.1 (38.7) 139.2 (59.1) 147.4 (42.0) 242.6 (98.2) 186.9 (74.5)
Highest recorded: mean (SD) (mg/dL) 125.1 (40.3) 157.4 (63.2) 174.0 (32.6) 310.4 (65.2) 229.1 (69.0)

HDL-Ca: n (%) with measure 360,470 (39.7) 1,003 (46.0) 82,141 (85.2) 218 (84.2) 41 (91.1)
Mean (SD) 53.9 (16.7) 53.7 (16.9) 54.2 (15.5) 52.6 (18.2) 49.8 (13.0)

Triglyceridesa: n (%) with measure 296,922 (32.7) 855 (39.2) 71,722 (74.4) 186 (71.8) 36 (80.0)
Mean (SD) 140.0 (85.2) 146.0 (93.6) 146.1 (78.9) 163.7 (88.3) 204.9 (106.1)

Total cholesterola: n (%) with measure 381,397 (42.0) 1,077 (49.4) 83,407 (86.5) 226 (87.3) 41 (91.1)
Mean (SD) 192.7 (45.0) 222.6 (69.4) 229.4 (47.7) 324.8 (105.39) 274.1 (76.2)

LDL/HDLa: n (%) with measure 48,397 (5.3) 137 (6.3) 12,211 (12.7) 30 (11.6) 6 (13.3)
Mean (SD) 2.2 (1.0) 3.0 (1.8) 2.8 (1.1) 4.8 (2.9) 3.7 (1.1)

Notes: aBased on the most recent lab value in the EHR.
Abbreviations: EHR, electronic health record; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FH, familial hypercholesterolemia; 
SNOMED, Systematized Nomenclature of Medicine; DLNC, Dutch Lipid Network Criteria.

Figure 1 Overlap of study cohorts identified in the Practice Fusion EHR database, 
2013–2016.
Abbreviations: EHR, electronic health record; FH, familial hypercholesterolemia; 
SNOMED, Systematized Nomenclature of Medicine; DLNC, Dutch Lipid Network 
Criteria.
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the challenges in identifying FH patients in large electronic 

databases such as administrative claims and EHR.

If we consider clinical criteria as the gold standard of 

an FH diagnosis, standard coding such as SNOMED not 

only identifies a large percentage of “true FH” patients but 

also identifies patients who do not meet the gold standard 

of FH diagnosis. This may be a true misclassification of 

these patients via diagnosis codes or may speak to the lack 

of such clinical criteria being recorded in the structured por-

tions of the medical record. Thus, the diagnosis codes may 

be accurate, but the gold standard may not be recorded as 

easily searchable content in an EHR, making identification 

of FH patients difficult. These findings may also indicate 

that clinicians are not fully aware of the clinical symptoms 

of FH (such as tendon xanthoma), and thus are not looking 

for and noting the clinical signs within the medical record, 

also contributing to the under-diagnosis of the condition.

Several other studies that have evaluated the application 

of clinical diagnostic systems in large databases have found 

similar challenges in identifying FH patients. Abul-Husn et 

al found that when applying the DLNC to a population of 

individuals with severe hypercholesterolemia, only 24% of 

FH variant carriers were classified as either probable or defi-

nite FH, highlighting the rather low sensitivity of the DLNC 

when applied to an EHR database.20 In the same study, of 

the 4,435 individuals with LDL-C >190 mg/dL in the EHR, 

only 112 (2.5%) had an FH genetic variant, again indicating 

the low capture of genetic variants for FH and potentially 

the underutilization of genetic testing in this population. In a 

general practitioner electronic healthcare database of patients 

in Australia, Vickery et al found that among active patients, 

0.7% had an LDL-C value ≥5 mmol/L (~190 mg/dL), but 

only 0.013% had a diagnosis code for FH, again indicating 

the low diagnosis rates of FH. Among those with an LDL-C 

≥5 mmol/L, 60% had been coded for a lipid disorder, 56% 

had record of a statin prescription, 40% had both, and 24% 

had neither.21

Although there was no ICD diagnosis code for FH until 

October 2016, SNOMED codes offer an alternate coding 

system to identify patients with FH in an electronic database. 

The SNOMED nomenclature is the most comprehensive 

healthcare terminology, an international standard for the 

electronic exchange of clinical health information sup-

ported by the US National Library of Medicine, which has 

Table 4 Sensitivity, specificity, PPV, and NPV of ICD-10/SNOMED codes for FH vs the DLNC at varying score cutoffs (among subjects 
with at least one DLN criterion, N=96,392)

DLNC score FH identification

DLNC Y DLNC N DLNC Y DLNC N Sensitivity Specificity PPV NPV

SNOMED Y SNOMED Y SNOMED N SNOMED N

>8 38 560 7 95,787 84.4% 99.4% 6.4% 100.0%

>6 112 486 192 95,602 36.8% 99.5% 18.7% 99.8%

Notes: DLNC Y indicates yes, the subject met the DLNC criteria for FH at the specified value in column 1. SNOMED Y indicates yes, the subject was identified as FH via 
a SNOMED code. DLNC N indicates no, the subject did not meet the DLNC criteria for FH at the specified value in column 1. SNOMED N indicates no, the subject was 
not identified as FH via a SNOMED code.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; FH, familial hypercholesterolemia; SNOMED, Systematized Nomenclature of Medicine; 
DLNC, Dutch Lipid Network Criteria.

Any LDL-C 155–189 mg/dL
Any LDL-C 190–249 mg/dL
Any LDL-C 250–329 mg/dL

Positive genetic FH test
Clinical history: Patient with premature cerebral or peripheral vascular disease

Clinical history: Patient with premature coronary artery disease
Family history of premature coronary/vascular disease or LDL-C >95th percentile

Family history of tendinous xanthomata, arcuscornealis or child(ren) <18 with LDL-C >95th percentile
Arcuscornealis prior to age 45

Tendinous xanthomata

Hypercholesterolemia (N=96,392) FH (N=598)

0% 10%

9%

9%
5%

2%

2%

6%
11%

11%

16%

18% 28%
34%

58%

10%

20% 30% 40% 50% 70%60%

Any LDL-C ≥330 mg/dL

Figure 2 Distribution of the DLNC among subjects meeting at least one DLNC in the hypercholesterolemia cohort (N=96,392) and the FH SNOMED cohort (N=598). 
Note: Subjects can meet more than one criteria, yet must meet at least one to be included in the figure.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; FH, familial hypercholesterolemia; SNOMED, Systematized Nomenclature of Medicine; DLNC, Dutch Lipid 
Network Criteria.
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previously been incorporated into EHR-based algorithms 

to identify clinically relevant cardio- and cerebrovascular 

disease.19,22 Although practitioners may not be as familiar 

with SNOMED codes as other coding systems (eg, ICD-9/

ICD-10 CM, HCPC), one of the strengths of the Practice 

Fusion data platform was the automatic mapping of physi-

cian diagnoses entered into the structured data fields into 

SNOMED codes. Thus, even if a physician was not familiar 

with the FH SNOMED codes, the Practice Fusion system 

automatically mapped each structured diagnosis of FH to 

an SNOMED code, allowing for efficient identification of 

FH patients within the database. Although we did use the 

ICD-10 CM code for identifying FH in this analysis, there 

were no cases identified in this manner, since the analysis was 

conducted through mid-October 2016, with limited (only 3 

months) post-ICD-10 CM implementation. The hope is that, 

over time, this code will become more frequently used and 

awareness of FH will increase, to allow for more accurate 

diagnosis of FH within EHR systems.

In this analysis, only a small proportion of identified 

individuals with FH had evidence of a functional mutation 

on the LDLR, APOB, or PCSK9 gene resulting from a genetic 

test. These results reiterate the low frequency of and differing 

opinions on the incremental value of FH genetic testing, even 

among a population of patients who have a diagnostic code for 

FH, suggesting that FH remains the first and foremost clinical 

diagnosis. Genetic testing is expensive and may not be covered 

by insurance plans.23 Additionally, clinical guidelines do not 

recommend universal testing, but instead recommend cascade 

screening among first-degree relatives of an individual with 

FH, with universal screening limited to children <16 years 

with high levels of cholesterol.1,12 Finally, due to limitations 

in FH genetic testing, some individuals who carry a genetic 

mutation for FH may not be easily identifiable. This can hap-

pen for several reasons. First, a standard FH panel only covers 

a subset of all known variants, generally limited to those that 

contribute to a more severe disease phenotype. For example, 

although over 1,500 variants have been identified in the LDLR 

gene alone, not all of these are covered on a standard genetic 

array. Second, individuals that are compound heterozygotes 

(eg, two different mutations affecting two alleles) may display 

an FH phenotype without an easily identifiable genotype 

given that multiple low penetrance variants may be present.24

This study has several limitations that should be con-

sidered when interpreting the results. First, the true gold 

standard of an FH diagnosis is unclear. Although we compare 

the SNOMED codes for FH to the DLNC, and calculate sen-

sitivity and specificity accordingly, we must interpret these 

findings with the understanding that clinical criteria are not 

the only method to diagnose FH; genetic testing may have 

been done and not necessarily recorded within the medical 

record. Despite this, patients identified as FH via the DLNC 

were slightly older, more female, had a higher disease burden, 

more statin and nonstatin LLT prescriptions, and had higher 

LDL-C values compared with FH patients identified via a 

SNOMED code. Given these findings, considering the DLNC 

as the gold standard in this study does not seem unreasonable. 

Second, the analysis was limited to only structured informa-

tion captured by the EHR; FH diagnoses and results of genetic 

testing were not confirmed from unstructured data. We did not 

incorporate information captured in physician notes into the 

main analysis. Given that EHRs may still be relatively new to 

healthcare providers, it is possible that providers may prefer to 

record much of a patient’s information via free text. Natural 

language processing is a lengthy and expensive process, limit-

ing our ability to use the unstructured information included 

in the EHR, and more generally, speaks to the challenge of 

identifying FH patients in electronic databases. Third, this 

analysis was limited to information captured within the 

Practice Fusion EHR platform, which mostly covers primary 

care physicians, who may be less familiar with a condition 

such as FH. We do not have health information collected on 

patients who also sought care outside of Practice Fusion’s 

network. Although the Practice Fusion network does capture 

some specialists such as cardiologists within community-

based practices, it is possible that, compared to large health 

centers, these physicians may be less likely to diagnose and/

or record a diagnosis of FH. Last, these results are not neces-

sarily applicable to other EHR databases that may capture 

different types of health practitioners or may be related to an 

associated payer who may have specific requirements for FH 

diagnoses in order for appropriate treatments to be covered.

Comparing SNOMED diagnosis codes for FH to the 

DLNC clinical criteria, the sensitivity and specificity were 

high, whereas the positive predictive value was low. Thus, if 

considering the DLNC as the gold standard, the identification 

of FH patients in an EHR using a SNOMED code may result 

in the capture of many false positives. It is unclear if this is 

due to the true misclassification of FH via diagnosis codes or 

rather to the lack of recording of clinical symptoms of FH in 

the structured portions of an EHR (eg, not the clinical notes). 

Future work in the Practice Fusion database may include a 

comprehensive review of physician notes for identifying 

subjects with FH. Although EHRs provide an opportunity 

to extract physician notes with deeper clinical information, 

for research studies on large population-level databases, 
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natural language processing to extract information from the 

notes is expensive, time-consuming, and may be limited in its 

accuracy. Therefore, most research studies using EHR data 

on a large scale will most likely only be able to use structured 

information to identify subjects with FH, requiring improved 

techniques of identifying individuals with FH via structured 

data. Although the recent introduction of an ICD-10 CM code 

for FH in the USA will mitigate some of the challenges in 

identifying FH subjects in EHR and claims databases, the 

lag in data availability and need for historic data will result 

in continued challenges in research. However, until FH is 

more fully recognized by the clinical community, the addi-

tion of an ICD-10 CM code will not completely correct the 

under-diagnosis of FH.
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Table S1 Codes for identifying the Dutch lipid network criteria

Criteria Code Code type Description

First-degree relative 
with known premature 
coronary and vascular 
disease

439724007 SNOMED Family history of cardiovascular disease in first-degree 
male relative less than 55 years of age

438825005 SNOMED Family history of cardiovascular disease in first-degree 
female relative less than 65 years of age

401067009 SNOMED Family history of myocardial infarction in first-degree 
male relative less than 55 years (situation)

401066000 SNOMED Family history of myocardial infarction in first-degree 
female relative less than 65 years of age

V17.3 ICD-9 Family history of ischemic heart disease
V17.41 ICD-9 Family history of sudden cardiac death
Z82.4 ICD-10 CM Family history of ischemic heart disease and other 

diseases of the circulatory system
Z82.41 ICD-10 CM Family history of sudden cardiac death
Z82.49 ICD-10 CM Family history of ischemic heart disease and other 

diseases of the circulatory system
First-degree relative with 
tendinous xanthoma and/
or arcus cornealis

699108005 SNOMED Family history of tendinous xanthoma in first-degree 
relative (situation)

First-degree relative with 
known LDL-C level above 
the 95th percentile

Not able to evaluate in EHR

Children aged less than 
18 years with LDL-C level 
above the 95th percentile

Not able to evaluate in EHR

Patient with premature* 
coronary artery disease

410.xx ICD-9 Acute myocardial infarction
411.xx ICD-9 Other acute and subacute forms of ischemic heart 

disease
412 ICD-9 Old myocardial infarction
413.xx ICD-9 Angina pectoris
414.xx ICD-9 Other forms of chronic ischemic heart disease
I20.x ICD-10 CM Angina pectoris
I21.xx ICD-10 CM STEMI and non-STEMI myocardial infarction
I22.x ICD-10 CM Subsequent STEMI and non-STEMI myocardial infarction
I23.x ICD-10 CM Certain current complications following ST elevation 

(STEMI) and non-ST elevation (NSTEMI) myocardial 
infarction (within the 28-day period)

I24.x ICD-10 CM Other acute ischemic heart diseases
Patient with premature* 
cerebral or peripheral 
vascular disease

429.2 ICD-9 Cardiovascular disease unspecified

430 ICD-9 Subarachnoid hemorrhage
431 ICD-9 Intracerebral hemorrhage
432.x ICD-9 Other and unspecified intracranial hemorrhage
433.xx ICD-9 Occlusion and stenosis of precerebral arteries
434.xx ICD-9 Occlusion of cerebral arteries
435.x ICD-9 Transient cerebral ischemia
436 ICD-9 Acute, but ill-defined cerebrovascular disease
437.x ICD-9 Other and ill-defined cerebrovascular disease
438.xx ICD-9 Late effects of cerebrovascular disease
443.9 ICD-9 Peripheral vascular disease, unspecified
I25.xxx ICD-10 CM Chronic ischemic heart disease
I60.xx ICD-10 CM Nontraumatic subarachnoid hemorrhage

(Continued)
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Table S1 (Continued)

Criteria Code Code type Description
I61.x ICD-10 CM Nontraumatic intracerebral hemorrhage
I62.xx ICD-10 CM Other and unspecified nontraumatic intracranial 

hemorrhage
I63.xxx ICD-10 CM Cerebral infarction
I65.xx ICD-10 CM Occlusion and stenosis of precerebral arteries, not 

resulting in cerebral infarction
I66.xx ICD-10 CM Occlusion and stenosis of cerebral arteries, not 

resulting in cerebral infarction
I67.xxx ICD-10 CM Other cerebrovascular diseases
I68.x ICD-10 CM Cerebrovascular disorders in diseases classified 

elsewhere
I69.xxx ICD-10 CM Sequelae of cerebrovascular disease
I73.9 ICD-10 CM Peripheral vascular disease, unspecified

Elevated LDL-C 55440-2 LOINC Cholesterol in LDL (real) (mass/volume) in serum or 
plasma by VAP

2090-9 LOINC Deprecated cholesterol in LDL (mass/volume) in serum 
or plasma

2089-1 LOINC Cholesterol in LDL (mass/volume) in serum or plasma
35198-1 LOINC Cholesterol in LDL (mass or moles/volume) in serum 

or plasma
18262-6 LOINC Cholesterol in LDL (mass/volume) in serum or plasma 

by direct assay
13457-7 LOINC Cholesterol in LDL (mass/volume) in serum or plasma 

by calculation
18261-8 LOINC Cholesterol in LDL (mass/volume) in serum or plasma 

ultracentrifugate
Arcus cornealis prior to 
age 45 years

231924000 SNOMED Arcus of cornea

Tendon xanthoma 69880002 SNOMED Xanthoma tendinosum
Functional mutation in 
the apo B gene

403831006 SNOMED Familial hypercholesterolemia due to genetic defect of 
apolipoprotein B (disorder)

Functional mutation in 
the LDLR gene

403829002 SNOMED Familial hypercholesterolemia due to heterozygous low-
density lipoprotein receptor mutation (disorder)

403830007 SNOMED Familial hypercholesterolemia due to homozygous low-
density lipoprotein receptor mutation (disorder)

Abbreviations: SNOMED, Systematized Nomenclature of Medicine; LOINC, Logical Observation Identifiers Names and Codes; EHR, electronic health record; LDL-C, 
low-density lipoprotein cholesterol; VAP, vertical auto profile.
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Figure S1 Diagnosis section of the Practice Fusion EHR platform (example only: the left panel displays a physician’s ability to type in a diagnosis and the menu it populates; 
the right panel displays the mapping to diagnosis codes that occurs when a physician choose a specific diagnosis from the drop-down menu).
Abbreviation: EHR, electronic health record.
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