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1 | INTRODUCTION

Hypertension is one of the most common chronic medical conditions
globally, and is the leading risk factor for cardiovascular disease.

Laboratory investigations performed during the initial evaluation of
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Abstract

Clinical practice guidelines recommend several routine laboratory tests in patients
diagnosed with hypertension. However, the rates of clinically relevant laboratory
abnormalities are unknown. Therefore, we conducted a retrospective cohort study
using administrative and laboratory data of patients diagnosed with hypertension be-
tween April 2010 and March 2015 in Alberta, Canada. Laboratory investigations for
renal function, serum electrolytes (sodium and potassium), low-density lipoprotein
(LDL) cholesterol, and diabetes (fasting blood glucose and hemoglobin Alc), meas-
ured within 1 year of diagnosis, were examined, and the frequency of abnormalities
determined. A total of 225 296 cases of incident hypertension were identified. Of
these, 74.3% received at least one of the four guideline-recommended laboratory
tests, but only 42.3% received all four tests. Patients who received any testing, com-
pared to subjects who did not, were on average older (median age 55.9 vs 51.2 years,
P < .001) and had more comorbidity (14.5% vs 2.8% with a Charlson comorbidity
index = 3, P < .001). Laboratory abnormalities with the potential to affect clinical
decision-making were more common among multi-comorbid patients. Patients with
renal dysfunction (6.7% vs 11.6%, 26.3%, P < .001), electrolyte abnormalities (9.8%
vs 12.6%, 20.5%, P < .001), and diabetes (13.4% vs 25.1% vs 38.8%, P < .001) were
found in patients with Charlson scores of 0 vs 1-2 vs 23, respectively. Our study
found most patients diagnosed with hypertension received some laboratory test-
ing, but rates of laboratory testing and frequency of abnormalities varied by clinical
context. Testing and abnormalities detected were both more common among older
patients and patients with comorbidities.

hypertension complement the history and physical examination, and
may help to inform prognosis, diagnosis, and treatment.®

The principal goals of laboratory testing for hypertension are
1.2 to assist in global cardiovascular risk assessment (eg, detection of

end organ damage and other cardiovascular risk factors); to identify
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remediable forms of hypertension (eg, consideration of hyperaldo-
steronism with hypokalemia); and to help guide drug selection and
monitoring (eg, avoidance of thiazide diuretics in a patient with hy-
ponatremia).‘”’ Recommendations for laboratory testing in patients
newly diagnosed with hypertension are largely based on expert
opinion.“'6 Previous studies examining rates of laboratory testing
in hypertension did not report how often abnormalities were de-
tected.”*® Therefore, it is unknown how often laboratory inves-
tigations reveal abnormalities, which is an important initial step in
judging whether testing may improve clinical outcomes.

Defining the role of laboratory tests has significant implications
for health care resource utilization and expenditures owing to the
high prevalence of hypertension.!! To address this, we conducted a
cohort study examining the use of common laboratory tests among
newly diagnosed cases of hypertension within the province of
Alberta in Canada. We intentionally focused on specific laboratory
tests that were commonly recommended by multiple major hyper-
tension practice guidelines.4’6 We examined the proportion of labo-
ratory tests with clinically relevant abnormalities.

2 | MATERIALS AND METHODS
2.1 | Datasources

We conducted a population-based cohort study of patients with
newly diagnosed hypertension. We analyzed data obtained from
linked administrative databases of Alberta Health, a provincial gov-
ernment ministry providing universal health coverage to >99% of
the approximately 4 million people in Alberta, Canada.'? These da-
tabases included population registries with details for demograph-
ics and vital statistics, physician billing codes, diagnostic codes from
hospital administrative discharge abstract data (DAD), and labora-
tory services. Medication data however were not available. Physician
encounters were coded using the International Classification of
Disease, 9th revision, clinical modification version (ICD-9-CM), and
the DAD were coded using the ICD-9-CM (prior to 2010) or ICD-
10-CA, Canadian version, (beginning in 2010). These data have been
used in numerous studies, and are considered to be both high quality

and comprehensive.}11314

2.2 | Population

Using a validated case definition, we identified individuals with hy-
pertension from physician and hospital diagnosis codes (2 physician
claims within 2 years or 1 hospitalization)!® from April 1, 1993 to
March 31, 2015 (Table S1). As laboratory results were only available
after 2010, we excluded individuals who were identified with new
hypertension prior to April 1, 2010. All subjects with incident hyper-
tension (ie, no diagnosis in the prior 17 fiscal years of April 1, 1993
to March 31, 2010) were followed from their index diagnosis date

for 1 year, or until termination of Alberta Health coverage, death,

or March 31, 2015 (whichever came first). Baseline demographics,
including sex and age at the time of hypertension diagnosis, were re-
trieved from the health insurance registry. The Charlson comorbidity
index was calculated using outpatient physician claims and the hos-
pital DAD up to 2 years prior to the diagnosis of hypertension.!>¢
These diagnostic codes were also used to identify relevant comor-
bidities that may have affected the frequency of laboratory testing
(eg, coronary artery disease, stroke, congestive heart failure [CHF],

chronic kidney disease [CKD], and diabetes mellitus).

2.3 | Laboratory testing

Measurements of serum creatinine, serum electrolytes, low-density
lipoprotein (LDL) cholesterol, fasting blood glucose, and glycated
hemoglobin (HbA1c) collected within the first year after hyperten-
sion diagnosis were obtained through laboratory information sys-
tems. These were selected because they are the most commonly
recommended tests for the initial evaluation of newly diagnosed
hypertension by major clinical practice guidelines.3'6 If not already
automatically reported, the estimated glomerular filtration rates
(eGFR) were calculated using the four variable Modification of Diet
in Renal Disease equation to align with the methodology used by the
major laboratories in Alberta.'’

Some investigations were grouped together into laboratory pan-
els if they were routinely ordered together or were ordered for a simi-
lar purpose. For instance, serum sodium and potassium were grouped
together as “electrolytes.” Likewise, investigations used to diagnose
diabetes (ie, fasting plasma glucose and HbA1c) were considered to
be part of a single “diabetes” panel for this study. In total, we defined
four laboratory panels: renal function (eGFR), electrolytes (serum so-
dium and potassium), LDL cholesterol, and tests for diabetes (fasting
glucose and HbA1c). Individuals were considered to have received
testing if any component within a laboratory panel was ordered (eg,
measurement of either fasting plasma glucose or HbA1c was suffi-

cient to conclude a person received testing for diabetes).

2.4 | Laboratory outcomes

For the laboratory investigations of interest, we determined the
frequency of testing within 365 days after the diagnosis date for
hypertension, in order to allow for adequate time for testing to be
arranged following the recognition of hypertension. Abnormal test
results were defined by values outside the standardized reference
intervals as set by the laboratory. Among the abnormal test results,
we further defined those that were most likely to affect clinical de-
cision-making (using cutoffs informed by clinical practice guidelines
and clinical reasoning; Table $2).181 Examples of laboratory abnor-
malities with the potential of affecting clinical decision-making in-
cluded the presence of an elevated serum potassium > 5.0 mmol/L
(ie, prompting caution with the use of renin-angiotensin system

[RAS]-blockers), hyponatremia < 133 mmol/L (ie, precluding the
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use of a thiazide or thiazide-like diuretic), renal impairment with an
eGFR < 60 mL/min/1.73 m? (ie, a scenario where a RAS-blocker may
be considered), and LDL cholesterol = 3.5 mmol/L (ie, a scenario

where a statin may be considered).?

2.5 | Subgroup analyses

For our subgroup analyses, we stratified our cohort according to age
(<65 vs 265), whether or not they were hospitalized for any reason
during the first year of hypertension diagnosis, and comorbidities (ie,
coronary artery disease, stroke, CHF, CKD, diabetes mellitus, and by
the Charlson comorbidity index score; Table S1).

2.6 | Statistical analysis

Descriptive statistics were reported for baseline demographic and
comorbid variables. The frequency of laboratory testing was calcu-
lated for the entire study population. If a particular test was per-
formed multiple times for the same individual during the time of
ascertainment, only the first occurrence was included for the anal-
ysis. The proportions of abnormal laboratory tests (of any degree)
and abnormal tests with the potential to affect clinical decisions
were determined (Table S2). Chi-square tests were used to com-
pare groups. Multivariate logistic regression was used to examine
which patient characteristics were associated with receiving labo-
ratory testing. Statistical analysis was performed using SAS version
9.4 (SAS Institute, Inc, Cary, NC). This study was approved by the
Conjoint Health Research Ethics Board at the University of Calgary.
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A waiver of consent was granted for access to personal identifiable
health information consistent with the conditions under section 50,
Health Information Act of Alberta.

3 | RESULTS

A total of 225 296 cases of incident hypertension were identified
between April 1, 2010 and March 31, 2015. Slightly more than
half of patients were male. Patients who received any testing,
compared to subjects who received none, were more likely elderly
(19.6% vs 15.0% were 265 years), had a greater burden of comor-
bidity (14.5% vs 2.8% with a Charlson comorbidity index > 3), and
were more likely to have a history of coronary artery disease (6.9%
vs 1.6%), stroke (6.5% vs 2.2%), CHF (6.1% vs 1.6%), CKD (4.1%
vs 0.7%), and diabetes (13.1% vs 3.6%) at baseline (P < .001 for
all comparisons; Table 1). After multivariable adjustment, patients
who were female, aged 65 years or older, or had cardiovascular
comorbidities had a higher odds of receiving at least one of the
guideline-recommended laboratory tests (P < .00001 for all com-
parisons; Table S3).

A quarter of patients did not receive any pertinent labora-
tory testing in the first year after hypertension diagnosis. The
remaining 167 322 patients (74.3%) had at least one of the four
guideline-recommended laboratory tests; 3.7%, 16.0%, 12.3%,
and 42.3% of people received one, two, three, and four of the lab-
oratory panels, respectively (Figure 1). All four different labora-
tory panels were ordered with similar frequency: renal function
(69.5%), serum electrolytes (64.3%), LDL cholesterol (54.3%), and
diabetes (53.7%).

TABLE 1 Baseline characteristics of hypertensive patients, stratified by number of laboratory tests received within first year of diagnosis

Testing (3 or 4 Any testing
Variables? No testing Testing (1 panel) Testing (2 panels) panels) (21 panel)
Total 57 974 8240 36 100 122982 167 322
Male — no. (%) 34 430 (59.4) 4536 (55.0) 18 634 (51.6) 68 804 (55.9) 91 974 (55.0)
Age 2 65 — no. (%) 8711 (15.0) 1611 (19.6) 10 005 (27.7) 31 140 (25.3) 42756 (25.6)
Age — median (25-75th 51.2 (42.5-60.0) 53.8 (45.4-62.5) 55.4 (45.6-66.6) 56.1(47.5-65.1) 55.9
percentiles) (47.0-65.2)
Comorbidities—no. (%)
Diabetes mellitus 2076 (3.6) 693 (8.4) 3119 (8.6) 18 041 (14.7) 21853(13.1)
Chronic kidney disease 385(0.7) 86 (1.0) 1783 (4.9) 4981 (4.1) 6850 (4.1)
Congestive heart failure 929 (1.6) 177 (2.1) 2854 (7.9) 7166 (5.8) 10 197 (6.1)
Coronary artery disease 934 (1.6) 219 (2.7) 2112 (5.9) 9155 (7.4) 11 486 (6.9)
Stroke 1295(2.2) 331 (4.0) 2750 (7.6) 7837 (6.4) 10918 (6.5)
Charlson index of 1 or 2 13288 (22.9) 2668 (32.4) 12 421 (34.4) 42400 (34.5) 57 489 (34.4)
Charlson index = 3 1652 (2.8) 535 (6.5) 6550 (18.1) 17 199 (14.0) 24 284 (14.5)
Hospitalized for any reason 2904 (5.0) 888 (10.8) 13 086 (36.2) 27 224 (22.1) 41 198 (24.6)

within 1st year of diagnosis

dComorbidities are based on physician and hospital billing codes.
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3.1 | Investigations for renal failure and electrolyte
abnormalities

Approximately 1 in 10 patients (n = 17 846 of 156 652; 11.4%) had
abnormalities in renal function and 1 in 7 patients (n = 21 392 of
144 826; 14.8%) had abnormal electrolytes with the potential of
affecting clinical care (Figure 2). Serum potassium was abnormal
(9.7%) more often than sodium (6.2%). When stratified by comorbid
subgroups, abnormal eGFR and electrolytes were more commonly
identified among patients with pre-existing CKD, CHF, stroke, and
diabetes (P < .001). Patients who were hospitalized within the first
year of hypertension diagnosis (n = 44 102) were also commonly
found to have renal failure (18.5% vs 9.9%, P < .001) and electrolyte
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FIGURE 1 Proportion of hypertensive patients who received
any of the guideline-recommended laboratory panels within 1 y of
diagnosis

abnormalities (18.5% vs 10.2%, P < .001) when tested compared
to those who were not hospitalized. Among older patients, renal
function was more often abnormal (25.5% vs 6.4% for ages = 65 vs
<65 years, P < .001). Electrolyte abnormalities for hyponatremia,
hypokalemia, and hyperkalemia were more common among females,
elderly (age = 65 years), having additional comorbidities, or hospital-
ized for any reason within their first year of hypertension diagnosis
(P-value < .0001 for all comparisons; Table S4C).

3.2 | Detection of elevated LDL cholesterol

Elevated LDL cholesterol (LDL cholesterol = 3.5 mmol/L) was pre-
sentin 1in 5 patients (n = 25 457 of 122 269; 20.8%). In contrast to
other laboratory abnormalities, abnormal LDL cholesterol was less
frequent in patients with multiple comorbidities (24.8% vs 17.9% vs
12.1% for Charlson comorbidity index scores of 0, 1-2, vs 23, re-
spectively, P < .001). Elevated LDL cholesterol was more common
in younger patients (22.0% vs 17.0% for ages < 65 vs 265 years,
P < .001) and those who were not hospitalized (22.4% vs 14.7% for
non-hospitalized vs hospitalized, P < .001).

3.3 | Investigations for diabetes

When measured, half of patients had abnormalities in HbAlc and/
or fasting plasma glucose (n = 61 413 of 120 919; 50.8%). Among
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FIGURE 2 Laboratory panels with identified abnormalities, stratified according to hospitalization and comorbidities. Darker colors
represent abnormalities that affect clinical decision-making and lighter colors represent abnormalities that do not affect clinical decision-
making. For electrolytes and diabetes panels, if any component was abnormal, the entire panel was considered to be abnormal. LDL
Cholesterol = low-density lipoprotein cholesterol, HbA1C = glycated hemoglobin Alc
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patients who were not classified as having diabetes at baseline
(based on diagnostic codes), 24 484 of 120 191 (20.4%) patients
had a HbA1c level or fasting glucose that was within the diagnos-
tic range for diabetes within the first year of hypertension diagno-
sis. Abnormalities in diabetes testing were more common among
patients who were hospitalized within their first year of hyperten-
sion diagnosis (25.3%), those with coronary artery disease (24.1%),
stroke (24.8%), congestive heart failure (36.0%), and complex multi-
morbidity (38.9% for Charlson comorbidity index scores of 23) com-
pared to those without the associated conditions (P < .001 for all

comparisons).

4 | DISCUSSION

In this study, we evaluated the frequency of laboratory testing and
associated clinically relevant abnormalities in patients with hyper-
tension. More than half of patients received at least three of the four
commonly recommended laboratory panels evaluated in this study.
Investigations used to screen for end organ damage or secondary
causes of hypertension (ie, serum creatinine and electrolytes) were
frequently normal, but those principally used for risk stratification
(ie, plasma lipids, fasting plasma glucose, and HbA1c) were associ-
ated with high rates of abnormalities. Not surprisingly, laboratory
testing was more commonly performed in patients who were older,
with comorbid conditions, and those who were hospitalized within
the first year of hypertension diagnosis. Elderly patients and people
with multiple comorbidities had the highest proportion of detected
laboratory abnormalities.

Large variations in ambulatory testing for patients with hyper-
tension or taking anti-hypertensive classes of medications have
been reported across different health systems and jurisdictions.”*
We have found similar rates of testing to a previous Canadian study
where patients with hypertension from 1993 to 1995 were evalu-
ated for frequency of testing (but not rates of abnormalities).® This
study found hypertensive patients were commonly evaluated for
renal function (~70%), serum electrolytes (~55%), and lipid levels
(~60%), but we observed a twofold higher rate of testing for di-
abetes. This may be due to a greater awareness of diabetes and
increased screening in general over the last two decades.®?°
Furthermore, as the uptake of Hypertension Canada's clinical
practice guidelines have made a demonstrable impact on national
hypertension diagnosis, treatment, and control rates since incep-
tion,2! these may have also contributed to more widespread labora-
tory testing over time. One study in the United States reported that
between 1999 and 2000, 68% patients on RAS-blockers had both
their creatinine and potassium monitored.!® However, a separate
study in the United States, of a similar time span of 1999 to 2001,
found a lower frequency of laboratory testing for creatinine (~35%)
and electrolytes (~40%) for patients on RAS-blockers, and similar
rates for patients on diuretics.” However, neither of these stud-

ies specifically examined patients with hypertension, but broadly

WILEY-2

included all patients who may have received these drug classes ir-
respective of indication.

It is reassuring that clinicians are more inclined to test individ-
uals known (or perceived) to be at higher cardiovascular risk. As is
the case, laboratory testing appears to be more commonly ordered
in the elderly, those with multiple comorbidities, and patients pre-
scribed concomitant chronic medications.”?!° Clinicians may also
be following guideline standards for management of other coexist-
ing conditions, such as CKD, dyslipidemia, and diabetes, which rec-
ommend routine laboratory testing as well. The high frequency of
laboratory abnormalities observed in this study may be related to
the fact that many patients who were investigated also tended to be
older with more comorbid conditions.

Although laboratory abnormalities were relatively common
overall, some groups had especially high rates of detected abnor-
malities (eg, renal dysfunction was commonly present in patients
with congestive heart failure), whereas the rates of detection
were much lower in other groups (eg, renal function and serum
electrolytes were often normal in patients without significant co-
morbidity). Selected testing may be reasonable in certain cases, ac-
knowledging that the associated costs of laboratory testing can be
substantial.}* Beyond the direct costs of testing, there are indirect
costs arising from laboratory abnormalities, including those associ-
ated with additional investigations, physician follow-up visits, and
specialty consultations. There are costs to patients related to lost
productivity from work. Abnormal results may also add to unnec-
essary patient anxiety as many of these may pose little risk to their
health. In many cases, clinicians in our study may have appropriately
chosen to defer laboratory testing in selective low-risk individuals
where abnormalities would be less common. Accordingly, judicious
clinical judgment may have led to less frequent testing among
younger patients and those without cardiovascular comorbidities.
Furthermore, little is known about the implications of routine lab-
oratory testing in patients with hypertension, and even when ab-
normalities are detected, results may not necessarily affect clinical
decision-making. It also remains uncertain whether selective test-
ing in targeted high-risk groups, compared to universal screening
for all patients with hypertension, is cost-effective and can be im-
plemented without adversely affecting clinical outcomes or quality
of care.??2% Future research should explore better ways to person-
alize testing by considering the benefits of systematic screening for
highly prevalent conditions, while potentially limiting certain tests
to selected high-risk groups.

Even with the many strengths of our study (ie, a large cohort
with longitudinal follow-up drawn from a well-defined population;
complete capture of all physician encounters and laboratory tests
performed; and the presence of a universal health insurance sys-
tem such that access to physician and laboratory services were not
limited by cost barriers), there were some limitations. First, we did
not have clinical information on why certain tests were ordered
and we were only able to report on the frequency of laboratory

abnormalities when testing was actually performed. Although an
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intervention study with systematic laboratory testing would be
methodologically ideal, it would be impractical to conduct on a
provincial level. As such, an observational study provides the best
possible evidence given the nature of the subject. Secondly, we did
not have prescription data and it is possible that some people with
normal laboratory results were already treated (eg, a normal LDL
cholesterol while receiving a statin or a normal HbA1C on glucose
lowering agents) such that the frequency of laboratory-based co-
morbid conditions may well be underestimated. Thirdly, we were
limited to these four laboratory panels and did not have the data
to analyze other investigations commonly performed for hyperten-
sion, such as electrocardiogram or urine analysis. However, the four
panels investigated were universally recommended in major hyper-
tension practice guidelines.“'6 Finally, we used laboratory cutoffs
that often, but not always, impact clinical care. We also could not
evaluate any clinical outcomes in this study. Therefore, it cannot
be assumed that routine testing, or even the presence of abnormal
laboratory results, led to changes in patient care or differences in

clinical outcomes.

5 | CONCLUSIONS

There is a significant variation in laboratory test ordering and fre-
quency of detected abnormalities in patients newly diagnosed
with hypertension. Higher rates of testing and abnormalities were
detected among elderly and comorbid patients. Personalization of
the work-up for hypertension may be an area where patient care
and practice can be further improved.?* Efforts to improve re-
source sustainability might be prioritized by focusing on individu-
als who are most likely to benefit from testing, especially patients
who are known or suspected to be at higher risk of complications, or
in patients more likely to have clinically significant abnormalities.?*
Instead of a “one-size-fits-all” panel for all patients with hyperten-
sion, resources may be more efficiently utilized if laboratory testing

is guided by patient factors and clinical context.
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