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Metabolic syndrome is a constellation of intercon-
nected metabolic factors that contribute to the 
development of obesity, cardiovascular disease, 

type 2 diabetes and other related chronic conditions.1–3 
The main components of metabolic syndrome are widely 
considered to be elevated blood pressure (BP), low high-
density lipoprotein (HDL) cholesterol, hypertriglyceride-
mia, dysglycemia and excess visceral adiposity measured 
either by body mass index (BMI) or waist circumference.4 
The pathogenic mechanisms of metabolic syndrome are 
thought to be driven by the presence of chronic low-grade 
inflammation associated with the development of insulin 
resistance and excess adiposity.5 The causes of metabolic 
syndrome are still under investigation and reviews have 
been published elsewhere.4,6,7

Since metabolic syndrome is typically more prevalent in 
older populations, its characterization in younger adult pop-
ulations is less studied. Existing reports are either based on 
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Background: The prevalence of metabolic syndrome is growing worldwide, yet remains underinvestigated in Canadian young 
adults. We sought to explore the use of a harmonized case definition specific to early-onset metabolic syndrome and determine 
its feasibility in assessing the prevalence of metabolic syndrome among electronic medical record (EMR) data of young adults 
in Northern Alberta.

Methods: We conducted a cross-sectional study using a sample of EMR data from young adult patients aged 18–40 years and resid-
ing in Northern Alberta, who had an encounter with a participating primary care clinic between June 29, 2015, and June 29, 2018.  
Physical examination, laboratory investigation and disease diagnosis data were collected. A case definition and algorithm were 
developed to assess the feasibility of identifying metabolic syndrome, including measures for body mass index (BMI), blood pressure 
(BP), dysglycemia, hypertriglyceridemia, high-density lipoprotein cholesterol, diabetes and hypertension.

Results: Among 15 766 young adults, the case definition suggested the prevalence of metabolic syndrome was 4.4%, 95% confi-
dence interval (CI) 4.1%–4.7%. The most frequent 3-factor combination (41.6%, 95% CI 37.9%–45.3%) of metabolic syndrome crite-
ria consisted of being overweight or obese, having elevated BP and hypertriglyceridemia. Half of metabolic syndrome cases (51.3%, 
95% CI 47.6%–55.0%) were missing measures for fasting blood glucose, and one-fifth were missing a hemoglobin A1c (HbA1c) level. 
Notably, most young adults with a BMI of 25 or greater were missing HbA1c (68.7%, 95% CI 67.6%–69.8%), fasting blood glucose 
(84.0%, 95% CI 83.2%–84.8%) and triglyceride testing (79.0%, 95% CI 78.1%–79.9%).

Interpretation: We have shown that our case definition is feasible in identifying early-onset metabolic syndrome using EMR data; 
however, the degree of missing data limits the feasibility in assessing prevalence. Further investigation is required to validate this 
case definition for metabolic syndrome in the EMR data, which may involve comparing this definition to other validated metabolic 
syndrome case definitions.
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smaller cohorts of older adults, minority ethnic groups or 
overall population estimates based on self-reported data.8–10 
Two Canadian-based studies using data from 2007 to 2009 
showed that in populations aged 18–40 years, the preva-
lence estimates for early-onset metabolic syndrome were 
6.5% and 7.8%, respectively.8,11 The lack of data on meta-
bolic syndrome in younger populations is worrying, given 
that obesity and diabetes are rising in this population, with 
the highest growth of diabetes in Canada being in the ges-
tational diabetes population.12 Furthermore, earlier identifi-
cation and implementation of evidence-based interventions 
provide important opportunities to reduce the end-organ 
complications of metabolic syndrome, particularly in pri-
mary care. 13,14

Guidelines, such as those produced by Diabetes Canada 
and the Canadian Cardiovascular Society, encourage use of 
statins in individuals with diabetes who are older than 40, or 
in individuals with 15-year duration of disease who are older 
than 30.15,16 Understanding the burden of metabolic syn-
drome is important in preventing early-onset type 2 diabetes, 
given that an earlier diagnosis of type 2 diabetes has been 
shown to increase all-cause mortality.17

Challenges in consistently reporting estimates of meta-
bolic syndrome prevalence are driven by the ambiguity of 
multiple validated case definitions created by different 
organizations.1,18–22 The most widely used criteria for iden-
tifying individuals with metabolic syndrome were published 
in the US National Cholesterol Education Program Adult 
Treatment Panel III (NCEP-ATP III) guideline.18 More-
over, the use of multiple definitions has created confusion 
for clinicians tasked with identifying and treating metabolic 
syndrome. Without clear definitions on who has meta-
bolic syndrome, clinicians are not able to bring guidelines 
into action. 

The main objectives of this study were to explore the use 
of a harmonized case definition for metabolic syndrome spe-
cific to early-onset metabolic syndrome and determine the 
feasibility of using such a definition in young adult patients in 
Northern Alberta who were included within the Northern 
Alberta Primary Care Research Network (NAPCReN) pri-
mary care electronic medical record (EMR) data.

Methods

Design
This was a cross-sectional study evaluating the most recent 
encounter for BMI, BP, laboratory investigations and dis-
ease diagnosis data to ascertain the feasibility of assessing 
prevalence of metabolic syndrome in a sample of primary 
care practices.

Setting and data source
The data provided for this research are NAPCReN regional 
data, a Northern Alberta subset of the Alberta primary care 
practice population, which contributes data to the Canadian 
Primary Care Sentinel Surveillance Network (CPCSSN).23 
The EMR data are representative of 18 active clinics includ-

ing 77 participating primary care clinicians across Northern 
Alberta representing 91 525 patients.24 The data do not 
include those seeking care from a clinic outside of NAP-
CReN, such as non-NAPCReN primary care, and secondary, 
tertiary and hospital care settings. Consenting family phys-
icians and primary care clinicians provide NAPCReN with 
access to their EMR data. 

We collected information on patient demographic char-
acteristics, physical examination and laboratory investiga-
tions, as well as data for CPCSSN case definitions for diag-
nosis of disease. Physical examination data included BMI, 
systolic BP and diastolic BP. The laboratory data included 
HDL cholesterol, hemoglobin A1c (HbA1c), fasting blood 
glucose (FBG) and triglycerides.

Participants
The population denominator included all living people 
between the ages of 18 and 40 years, who had an encounter 
with a participating NAPCReN primary care clinic between 
June 29, 2015, and June 29, 2018, with an entry for sex and a 
valid Alberta postal code.

Measures
We developed a harmonized case definition using criteria 
based on the National Cholesterol Education Program 
Adult Treatment Panel III,18 the World Health Organiza-
tion,25 Diabetes Canada,21 Canadian Cardiovascular Harmo-
nized National Guidelines Endeavour (C-CHANGE)15 and 

Table 1: Harmonized criteria for defining metabolic 
syndrome: 3 or more factors to make a diagnosis

Metabolic syndrome 
criteria Cut-off point*

Overweight and obese BMI ≥ 25†

Elevated BP‡ CPCSSN diagnosis of hypertension 
or 
systolic BP ≥ 130 mm Hg 
or 
diastolic BP ≥ 85 mm Hg

Dysglycemia CPCSSN diagnosis of diabetes 
or 
HbA1c ≥ 6.0% 
or 
FBG ≥ 5.6 mmol/L

Hypertriglyceridemia Triglycerides ≥ 1.7 mmol/L

Low HDL cholesterol HDL cholesterol ≥ 1.0 mmol/L in men,  
≥ 1.3 mmol/L in women

Note: BMI = body mass index, BP = blood pressure, CPCSSN = Canadian 
Primary Care Sentinel Surveillance Network, FBG = fasting blood glucose, 
HbA1c = hemoglobin A1c, HDL = high-density lipoprotein.
*Cut-off points are based on previously established formal criteria for metabolic 
syndrome, BMI,25 elevated BP, HbA1c and FBG,21 HDL cholesterol and 
triglycerides,15,18 and CPCSSN disease diagnosis.26

†BMI cut-off points for outliers at ≥ 15 and ≥ 50; if BMI is ≥ 30, central obesity 
can be assumed. 
‡BP cut-off points for outliers at 60–300 mm Hg systolic, 30–200 mm Hg diastolic.
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validated CPCSSN disease definitions.26 As outlined in 
Table 1, a patient was classified as having metabolic syn-
drome if they met a minimum of 3 out of 5 criteria. We used 
BMI given that 98.5% of individuals included in these data 
did not have measures for waist circumference and there is 
reasonable evidence to consider BMI where waist circumfer-
ence data are unavailable.27 We used a BMI value of 25 or 
greater and did not distinguish between those in overweight 
or obese categories.18 Exclusion of outliers was based on 
expert clinical judgment (R.O.Y. and D.P.M) for BMI less 
than 15 and greater than 55. 

Dysglycemia was present if a patient had a validated CPC-
SSN diagnosis of diabetes26 or an HbA1c level of 6.0% or 
greater or an FBG value of 5.6 mmol/L or greater.21 A diag-
nosis of diabetes was identified through an International Classi-
fication of Diseases, 9th Revision (ICD-9) code of 250 in the bill-
ing or problem list, antidiabetic medications or a previous 
laboratory value of elevated HbA1c or FBG; the CPCSSN case 
definition has a sensitivity of 95.6% (95% confidence interval 
[CI] 93.4%–97.9%) and specificity of 97.1% (95% CI 
96.3–97.9).26

We used the validated CPCSSN case definition for diag-
nosis of hypertension, which has a sensitivity of 84.9% (95% 
CI 82.6%–87.1%) and a specificity of 93.5% (95% CI 92.0%–
95.1%),26 or an office systolic BP or diastolic BP measurement 
to establish the presence of elevated BP. Based on clinical 
judgment (R.O.Y. and D.P.M.), we removed outliers for 
office BP measurements outside the range of 60–300 mm Hg 
for systolic BP and 30–200 mm Hg for diastolic BP. We used 
medical billings, medications and the problem list from the 
EMR data to identify hypertension-related ICD-9 codes, in 
order to make the diagnosis of hypertension.26 Individuals 
with a BMI or BP outside the prespecified range were still 
included in the cohort for all other clinical measures. 

To assess the presence of dyslipidemia, women were iden-
tified as having a low HDL cholesterol level at less than 
1.3 mmol/L and men at less than 1.0 mmol/L. Hypertriglyc-
eridemia was determined using a triglycerides cut-off point of 
1.7 mmol/L or greater. Notably, our data did not distinguish 
whether measurement of triglycerides was fasting or random, 
but there is evidence that the use of nonfasting triglyceride 
measurement is acceptable for the purposes of identifying 
metabolic syndrome.28

Case-finding algorithm for metabolic syndrome
A case-finding algorithm was developed to ascertain prevalent 
cases of metabolic syndrome in patients who met a minimum of 
3 of the 5 criteria listed in Table 1. The process of identifying 
metabolic syndrome cases in the algorithm (Figure 1) began 
with the first of 10 possible combinations. Each eligible patient 
within the sample was assessed for each combination. If a 
patient met the criteria for 3 factors for a given combination, 
they were identified as having metabolic syndrome. It is impor-
tant to note that it was possible for a patient to have metabolic 
syndrome based on more than 1 combination, and that a 
patient was counted only once in establishing the prevalence, 
regardless of the number of combinations met.

Statistical analysis
Statistical analysis was conducted using R language for 
data manipulation, univariate and bivariate analysis, and case-
finding algorithm development with RStudio version 1.1.453. 
A descriptive analysis was performed to describe the baseline 
sample characteristics on all variables, including age (calcu-
lated from year of birth), sex, disease status, BMI, BP, FBG, 
HbA1c, HDL and triglycerides measures. Continuous vari-
ables were reported as mean ± standard deviation (SD) or 
median and interquartile range (IQR). Categorical variables 
were expressed as counts with percentages. The prevalence of 
metabolic syndrome was defined as the ratio between those 
having metabolic syndrome and the total number of patients 
included in the denominator.

Ethics approval
This study was approved by the Health Research Ethics Board, 
University of Alberta (Pro. 00073600).

Results

A total of 15 766 individual records of patients aged 18 to 40 
years were evaluated for the presence of metabolic syndrome. 

Data pool

Combination

Factor 1 Factor 2 Factor 3

Patient ID
exists in all

factors

Next
combination

No

Yes

Create MetS
case list

Figure 1: Case-finding algorithm for detecting cases of metabolic 
syndrome (MetS). All patients within this data set are assessed using 
the 10 possible combinations based on the case definition outlined in 
Table 1. Each combination consists of 3 factors. An individual is 
counted as having MetS only once despite the possibility for meeting 
the criteria in multiple combinations.   
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Of these, 260 were excluded because the records were missing 
an Alberta postal code or patient sex, or because the patient 
had died, and 6660 records were excluded because of 
duplicate and missing data (Figure 2). Baseline characteristics 
of the patients are shown in Table 2. Using our case-finding 
algorithm, we identified 700 participants with metabolic 

syndrome, corresponding to a prevalence of 4.4% (95% CI 
4.1%–4.7%). The most common combination of 3 factors for 
diagnosing metabolic syndrome, representing 41.6% (95% CI 
37.9%–45.3%) of those diagnosed, included measures of 
BMI, elevated BP and hypertriglyceridemia (Table 3). 

Among physical examination measures, 92.1% (95% CI 
88.4%–92.8%) of individuals in the metabolic syndrome group 
had a BMI of 25 or greater (Figure 3) and 71.3% (95% CI 
67.9%–74.7%) had elevated office systolic BP and diastolic BP 
measurements. Dyslipidemia was more prominent in the met-
abolic syndrome group than in the non–metabolic syndrome 
group, with a greater presence of hypertriglyceridemia (70.1%, 
95% CI 66.7%–73.5% v. 2.2%, 95% CI 2.0%–2.4%) and low 
HDL cholesterol (59.1%, 95% CI 55.5%–62.7% v. 2.3%, 
95% CI 2.1%–2.5%). Of patients with metabolic syndrome, 
45.9% (95% CI 42.2%–49.6%) had dysglycemia. Diabetes was 
higher in the metabolic syndrome group (15.1%, 95% CI 
12.4%–17.8%) than in the non–metabolic syndrome group 
(0.8%, 95% CI 0.7%–0.9%), and hypertension was more 
prevalent among patients with metabolic syndrome than 
among patients in the non–metabolic syndrome group (14.1%, 
95% CI 11.5%–16.7% v. 1.6%, 95% CI 1.4%–1.8%). 

Overall, individuals within the metabolic syndrome 
group had higher mean values for BMI, FBG, HbA1C, 
triglycerides and lower HDL cholesterol than the non–
metabolic syndrome group (Table 2). Regarding outliers in 
this data, including values beyond cut-off points for out-
liers yielded little effect on the mean values and interpreta-
tion for BMI and BP and, therefore, remained excluded 
from the data.

Missing data
In those with metabolic syndrome, 51.3% (95% CI 47.6%–
55.0%) were missing an FBG measurement and 22.4% (95% 
CI 19.3%–25.5%) were missing measurements for HbA1c. 
Regarding measures of dyslipidemia and hypertriglyceride-
mia, 13.9% (95% CI 11.3%–16.5%) were missing laboratory 
investigations for HDL cholesterol and 10.3% (95% CI 
8%–12.6%) were missing investigations for triglycerides. 
Physical examination data were measured more frequently in 
this group, as only 6.1% (95% CI 5.9%–9.9%) were missing 
BMI and 3.9% (95% CI 2.5%–5.3%) were missing an office 
BP reading (Figure 4A).

Within the overall sample of young adults aged 18–40 
years, 24.9% (95% CI 24.2%–25.6%) were missing a BMI 
measurement. Moreover, among those who were missing a 
BMI measurement, 67.5% (95% CI 66.0%–69.0%) met 2 fac-
tors for metabolic syndrome and, therefore, would have been 
considered as having metabolic syndrome if they had a BMI 
over the 25 cut-off point. Notably, among all with a recorded 
BMI of 25 or greater (n = 7193), most were missing measures 
for FBG (84.0%, 95% CI 83.2%–84.8%), HDL cholesterol 
(80.3%, 95% CI 79.4%–81.2%), triglycerides (79.0%, 95% 
CI 78.1%–79.9%) and HbA1c (68.7%, 95% CI 67.6%–69.8%; 
Figure 4B). Lastly, the degree of missing data appeared to be 
attenuated among individuals as the number of metabolic 
syndrome factors increased (Figure 5).

Total population of the
NAPCReN repository

n = 91 525 

Eligible patients at study entry 
n = 22 505

Merged by patient ID and filtered by
date range (2015–2018), selected most

recent measure for unique patient ID
n = 22 505

Population denominator with age and sex  n = 15 766

NAPCReN patients aged
18–40 yr between
2012 and 2018 

n = 22 765

Excluded  n = 260
• Missing sex  n = 24

Deceased  n = 13
Non-Alberta postal code
n = 218
Missing sex with non-Albertan
postal code  n = 1
Deceased with non-Albertan
postal code  n = 4

•
•

•

•

Excluded  n = 6739
• Duplicates  n = 6449
• BMI and sBP/dBP outliers 

n = 290

•  Analytical population for physical examination data
   n = 15 543
•  Analytical population for laboratory data  n = 10 361
•  Analytical population for CPCSSN defined disease
   data n = 3181

Figure 2: Flow of data extraction and cleaning from the NAPCReN-
CPCSSN data repository. Note: BMI = body mass index, CPCSSN = 
Canadian Primary Care Sentinel Surveillance Network, dBP = diastolic 
blood pressure, NAPCReN = Northern Alberta Primary Care Research 
Network, sBP = systolic blood pressure. 
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Interpretation

Using a case definition and case-finding algorithm for meta-
bolic syndrome within the age group of 18–40 years, we found 
a potential prevalence of 4.4% of early-onset metabolic syn-
drome in Northern Alberta primary care EMR data. Impor-
tantly, we found a large proportion of missing data in this 
young adult sample, and we therefore suspect that our find-

ings underestimate the true prevalence of metabolic syn-
drome. Young adult patients show lower rates of health care 
use and are more likely to forgo follow-up or not have a fam-
ily physician, which could reduce the precision of our preva-
lence estimate.12,29 It is also difficult to know how missing data 
would potentially bias the true clinical prevalence given that 
in patients who underwent a physical examination or labora-
tory investigation, there was likely clinical suspicion to 

Table 2: Baseline characteristics of study sample stratified by presence of metabolic syndrome*

Characteristic

Total 
n = 15 766

Metabolic syndrome 
n = 700

No metabolic syndrome 
n = 15 066

No. (%)† Mean ± SD‡ No. (%) Mean ± SD‡ No. (%) Mean ± SD‡

Age, yr 15 766 (100.0) 30.9 ± 5.9 700 (100.0) 34.3 ± 4.8 15 066 (100.0) 30.8 ± 5.9

Sex, female 10 002 (63.4) – 346 (49.4) – 9656 (64.1) –

BMI 11 835 (75.0) 27.9 ± 7.5 657 (93.8) 35.8 ± 10.6 11 178 (74.2) 27.4 ± 7.0

Systolic BP, mm Hg 14 185 (90.0) 119.2 ± 13.0 678 (96.8) 130.1 ± 13.3 13 507 (89.6) 118.7 ± 12.7

Diastolic BP, mm Hg 14 185 (90.0) 75.9 ± 9.9 678 (96.8) 84.1 ± 9.3 13 507 (89.6) 75.5 ± 9.7

FBG, mmol/L 2007 (12.7) 5.1 ± 1.3 343 (49.0) 5.7 ± 1.7 1664 (11.0) 5.0 ± 1.1

HbA1c, % 3846 (24.4) 5.4 ± 0.9 548 (78.3) 5.9 ± 1.4 3298 (21.9) 5.3 ± 0.7

Triglycerides, mmol/L, median (IQR) 2568 (16.3) 1.3 (0.2–2.4) 633 (90.4) 2.1 (1.0–3.2) 1935 (12.8) 1.1 (0.4–1.8)

HDL cholesterol, mmol/L 2403 (15.2) 1.4 ± 0.4 608 (86.8) 1.1 ± 0.2 1795 (11.9) 1.4 ± 0.4

Note: BMI = body mass index, BP = blood pressure, FBG = fasting blood glucose, HbA1c = hemoglobin A1c, HDL = high-density lipoprotein, IQR = interquartile range, SD = 
standard deviation.
*For metabolic syndrome cases: overweight includes BMI ≥ 25; systolic BP ≥ 130 mm Hg and diastolic BP ≥ 85 mm Hg; FBG ≥ 5.6 mmol/L; HbA1c ≥ 6.0%; triglycerides 
≥ 1.7 mmol/L; reduced HDL cholesterol < 1.0 (men), < 1.3 (women). Exclusion of outliers was based on expert clinical judgment for BMI < 15 and > 55, and BP outside the 
range of 60–300 mm Hg for systolic BP and 30–200 mm Hg for diastolic BP.
†Represents no. (%) of participants for whom these data were available, except for sex, which represents proportion of female participants.
‡Unless stated otherwise.

Table 3: Prevalence of combinations meeting the minimum 3 factors for metabolic syndrome

No. (%) of patients

Combination of metabolic syndrome factors*
Metabolic syndrome 

n = 700

Overweight + elevated BP + hypertriglyceridemia 291 (41.6)

Overweight + reduced HDL cholesterol + hypertriglyceridemia 247 (35.3)

Overweight + elevated BP + reduced HDL cholesterol 226 (32.3)

Overweight + elevated BP + dysglycemia 171 (24.4)

Elevated BP + reduced HDL cholesterol + hypertriglyceridemia 159 (22.7)

Overweight + dysglycemia + hypertriglyceridemia 115 (16.4)

Overweight + dysglycemia + reduced HDL cholesterol 100 (14.3)

Elevated BP + dysglycemia + hypertriglyceridemia 79 (11.3)

Dysglycemia + reduced HDL cholesterol + hypertriglyceridemia 73 (10.4)

Elevated BP + dysglycemia + reduced HDL cholesterol 67 (9.5)

Note: BP = blood pressure, HDL = high-density lipoprotein.
*Elevated BP includes a Canadian Primary Care Sentinel Surveillance Network (CPCSSN) diagnosis of hypertension or 
BP ≥ 130/85 mm Hg. Dysglycemia includes validated CPCSSN diagnosis of diabetes or fasting blood glucose (FBG) 
≥ 5.6 mmol/L or hemoglobin A1c (HbA1c) ≥ 6.0%. Overweight includes body mass index (BMI) ≥ 25. Hypertriglyceridemia 
includes triglycerides ≥ 1.7 mmol/L and reduced HDL cholesterol < 1.0 mmol/L (men), < 1.3 mmol/L (women). 
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prompt these actions, and therefore, these patients may repre-
sent an enriched sample.30

Physical examination measures for BMI and BP were bet-
ter recorded than laboratory measures for FBG, HbA1C and 
lipids, which may reflect clinical guidelines like the Alberta 
Screening and Prevention Program.31 Though BMI is read-
ily captured in this EMR data, studies have shown the bene-
fit of assessing central adiposity using waist circumference in 
definitions of metabolic syndrome.32,33 

Given the feasibility of algorithmic identification of 
metabolic syndrome using our EMR data, this sparks the 
possibility of having point of care identification of these 
higher risk individuals during family practice visits, though 
the operationalization of such would require substantial 
consultation with primary care colleagues to avoid alert 
fatigue and to ensure appropriate steps for further screening 
and management. 

The missing data among FBG, HbA1C and lipid measures 
illustrate current challenges in performing surveillance of 
young adult populations at risk for metabolic syndrome and 
chronic disease using routinely collected EMR data. The feasi-
bility of the harmonized case definition developed illustrates 
metabolic syndrome in the young-adult sample; however, the 
degree of missing data affects the overall interpretation and 
findings of this study.

Despite the limitations to the feasibility of the case 
definition with this study’s EMR data, our findings suggest that 
the patterns of early-onset metabolic syndrome were similar 
to those of other studies evaluating older populations.10,34 
Although there may be an age-dependent increase in the preva-
lence of metabolic syndrome, the distribution of metabolic syn-
drome features remains relatively the same, despite previous 
evidence of the physiologic differences in metabolic syndrome 
by age.35 The similarities in comparing the combinations from 
our study with another family practice–based study using a sim-
ilar case definition for metabolic syndrome suggest that the 
patterns of metabolic syndrome manifestation remains similar 
irrespective of age (Table 3 and Appendix 1, available at www.
cmajopen.ca/content/8/4/E779/suppl/DC1).

Canadian epidemiological investigations vary greatly in 
prevalence estimates for metabolic syndrome, with the 
estimates being between 2% and 13% in most studies and the 
most reliable estimates being 6.5% and 7.8% based on 
Canadian Health Measures Survey (CHMS) data.8,11 These 
findings reinforce the likelihood that our data underestimate 
the true prevalence of metabolic syndrome in the primary 
care setting, particularly given that the prevalence of obesity 
has only increased since those studies were conducted,36 and 
that the metabolic health of those seeking primary care are 
possibly worse than the population not seeking any medical 
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care.30,37 It is also unsurprising that those meeting the defini-
tion for metabolic syndrome had elevated clinical physical 
examination and laboratory measurements; however, these 
measurements were important when comparing the data from 
this group to the data of those without metabolic syndrome.

Our data might suggest that the lack of clinical investigation 
for risk markers in young adults with metabolic syndrome or 
elevated BMI represents a lost opportunity for chronic disease 
prevention. This lack of investigation likely represents a 
combination of both patient and clinical inertia where patients 
may be less inclined to obtain laboratory testing while young 
and asymptomatic, and physicians might be less likely to 
order laboratory tests for the same reasons. There may also 
be considerable resource constraints given that 45% of young 
adults in this practice population had a BMI in the over-
weight or obese category. Physicians also report difficulties 
addressing metabolic syndrome among multiple definitions 
and recognize that identification of individual clinical risk 
factors is insufficient to address metabolic syndrome appro-
priately.38 The causes of metabolic syndrome often involve 
broad social challenges requiring substantial resources that 
may lie outside the scope of conventional medicine or pose a 

challenge because of other conflicting clinical priorities in a 
patient’s care.39,40

The NAPCReN data are point-of-care EMR data allowing 
for a pragmatic understanding of the patterns of disease and the 
diagnostic gaps in the primary care setting. Using validated 
CPCSSN definitions for hypertension and diabetes in the 
case-finding for metabolic syndrome strengthens this study 
beyond the conventional measures for elevated BP and 
dysglycemia. Our harmonized case-finding algorithm for 
metabolic syndrome will further assist the CPCSSN network in 
validating a case definition for use in future surveillance, 
research and quality improvement projects.

Limitations
Major limitations of real-world data are insufficient clinical 
documentation and imperfect EMR data. In many instances, 
fields are missing information, data are incorrectly entered 
into the EMR, and patient demographic characteristics, such 
as home address and death, are not always reported if patients 
have moved out of province.41 We recognize that recording 
complete health information requires sufficient clinical rea-
soning and human resources and that measurements are 
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Figure 4: Distributions of missing data in (A) those with metabolic syndrome and (B) those with a BMI ≥ 25. Panel A shows the percent miss-
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affected by factors such as clinic workflow, professional 
judgment, recording behaviours of the provider, monetary 
incentives and design of the EMR. Moreover, negative find-
ings are less likely to be reported, resulting in a selective 
nonreporting bias.42 We were also not able to assess health 
outcomes based on Indigenous status within these data. 
These limitations should be carefully considered when inter-
preting this study.

Conclusion
This cross-sectional study of real-world family practice data 
suggests that 1 out of every 25 people aged 18–40 years has 
metabolic syndrome. However, this is likely an underestimate 
because of the large proportions of missing data, driven by the 
subclinical nature of metabolic syndrome, the high prevalence 
of overweight and obese patients and the competing priorities 
of both patients and physicians. Further work is required to 
assess the feasibility of this case definition and to understand  
better whether missing data are clinically informed, rather than 
an omission because of lack of time or resources. These obser-
vations provide a basis for engaging primary care clinicians in 

considering the current recommendations for screening of 
young adults at higher risk of metabolic disease, and actions 
to earlier detection and management of metabolic syndrome 
and its associated morbidity.
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