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Treatment in the First Month After Hypertension Diagnosis 
Improves Blood Pressure Control

Robert B. Barrett, Benjamin Riesser, Benjamin Martin, Neha Sachdev, Michael K. Rakotz, 
Susan E. Sutherland, and Brent M. Egan 

Abstract

BACKGROUND:

Adults with hypertension have 
fewer cardiovascular events if 
controlled within the first 6 
months of diagnosis, during which 
time they are excluded from many 
hypertension control metrics. We 
compared blood pressure (BP, 
mm Hg) control rates from 6 to 42 
months in adults with hypertension 
who did or did not have anti- 
hypertensive treatment initiated 
(TI) with monotherapy during the 
first month after diagnosis, 
irrespective of subsequent changes 
in antihypertensive pharmacotherapy.

METHODS:

A retrospective cohort of 15 422 
patients, mean age 56.0±14.8 years, 
from 5 health care organizations, 
was identified with previously 
undiagnosed and untreated 
hypertension. BP control (<140/ <90) 
and TI on visits with uncontrolled 
readings were assessed as a function 
of time since diagnosis, up to 42 
months. Logistic regression models 
provided estimates of the odds of 
TI for initial BP, stratified by race, 
sex, and diagnosed diabetes. Cox 
proportional hazards regression 
estimated the hazard ratio of BP 
control over time.

RESULTS:

Patients with TI during the first 

month versus later time points had 
better BP control at 6 (57.7% versus 
47.7%, P<0.001) through 30 months 
(66.8% versus 62.2%, P<0.001), with 
similar control rates thereafter.

CONCLUSIONS:

TI within the first month after 
diagnosis in contrast to later time 
points, leads to better BP control at 
6 to 30 months, which is associated 
with better clinical outcomes and 
performance on standard hyper- 
tension control metrics. While better 
control is sustained for 30 months, 
treatment with monotherapy 
during the first month following 
diagnosis was insufficient to control 
hypertension in >30% of patients.

What Is New?

In adults with untreated and 
uncontrolled hypertension, starting 
monotherapy within the first month 
after diagnosis versus later time 
points provides better blood pressure 
control from 6 to 30 months after 
diagnosis.

What Is Relevant?

Despite better blood pressure 
control with prompt treatment 
initiation many remain uncontrolled 
suggesting subsequent treatment 
intensification is insufficient.

Confirming uncontrolled hyper-
tension through repeated measure-

NOVELTY AND RELEVANCE

ment during a medical encounter 
increases the probability of treatment 
initiation.

Prompt initiation of antihypertensive 
therapy and timely intensification 
at subsequent visits are keys to 
better blood pressure control.

The benefits of antihypertensive 
pharmacotherapy accrue rapidly in 
primary care and clinical trials. 
When better blood pressure (BP, 
mm Hg) control is achieved during 
the first 3 to 6 months of treatment, 
fewer cardiovascular events occur 

1–5during this time interval.  Standard 
hypertension control metrics 
typically exclude patients during the 
first 6 months following diagnosis, 

6
after which time they are included.  
Thus, for both clinical outcomes and 
care quality metrics, controlling 
hypertension within the first 6 months 
after diagnosis is important.

Prompt initiation of antihyper- 
tensive pharmacotherapy is a key to 
realizing the time-sensitive benefits 
of BP reduction. Antihypertensive 
monotherapy is the norm for treat- 
ment initiation in clinical practice, 
despite evidence that monotherapy 
is insufficient to control hypertension 
in most patients. Furthermore, the 
2017 American College of Cardio- 
logy/American Heart Association high 
BP guideline recommends treatment 
initiation with 2 different antihyper- 

tensive medications when BP is ≥
7

20/≥ 10 mm Hg above target.  

Clinical/Pathophysiological Implica- 
tions?
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Previous research indicates that 
not only are most adults with 
hypertension initiated on antihyper- 
tensive monotherapy, but also that 
most of them remain on monotherapy 

8
at 3 years.  Moreover, half of adults 
with uncontrolled hypertension were 

9
on monotherapy after 8 years.

Given the evidence, our study was 
designed to determine if initiating 
treatment with antihypertensive 
monotherapy (TI) during the first 
month after the diagnosis of hyper- 
tension that was uncontrolled led 
to more prompt and better BP 
control over time than when TI did 
not occur in the first month. A 
secondary objective was to identify 
factors associated with the decision 
to initiate treatment during the 
first month following diagnosis of 
hypertension than later time points.

Regulatory Considerations

This secondary analysis of a limited 
data set from the American Medical 
Association (AMA) Measure Accurately, 
Act Rapidly, Partner with Patients 
(MAP) Hypertension quality improve- 
ment program was reviewed by 
the institutional review board at 
the University of Illinois (Federal 
Wide Assurance 00000083), the 
institutional review board of record 
for the AMA, and determined not 
to meet the definition of human 
subjects research. The Strengthening 
the Reporting of Observational 
Studies in Epidemiology guidelines 

10were used.  The Business Associate 
Agreements between the AMA and 
participating health care systems 
do not permit data sharing. The 
authors provided all critical data in 
the article.

The MAP Hypertension quality 
improvement program has been 

11
described.  Briefly stated, the 
program focuses on 4 key process 
measures for improving hypertensive 

METHODS

population BP (mm Hg) control rates: 
measure accurately, assessed by 
documenting a confirmatory (repeat) 
measurement following an un- 
controlled BP reading (systolic BP 

[SBP] ≥140 or diastolic BP [DBP] ≥90); 
Act rapidly, defined as therapeutic 
intensification for uncontrolled 
hypertension; and 2 partner with 
patients metrics defined as: (1) the 

percentage of patients having a ≥
10 mm Hg reduction in SBP within 
7 to 180 days after adding a new 
antihypertensive medication class, 
and (2) a follow-up BP measurement 
within 30 days of an outpatient 
visit where BP was uncontrolled. 
This study focused on the effects 
of TI within the first 30 days after 
diagnosis compared with later time 
periods on hypertension control.

Data Source

Patient data were obtained from 
the electronic medical record systems 
of 5 participating health care 
organizations or data warehouses 
containing electronic medical record 
data. These organizations located 
in the Southeast and Midwest, 
included 2 federally qualified health 
centers, a private, a county, and a 
university hospital-based health 
system. The data were then cleaned 
(eg, SBPs >300 or <80 were 
excluded), normalized for unit of 
measure (eg, height, weight), then 
ingested into a relational database 
using a custom common data model 
for harmonization between disparate 
systems. Analytical datasets were 
created in the form of limited data 
sets by removing individually 
identifiable data elements, both 
through masking and element 
exclusion. Dates of service were 
retained.

Inclusion Criteria

Patients were required to have a 
visit between January 2019 and 

January 2023 where essential hyper- 
tension (International Classification 
of Disease, Tenth Revision, Clinical 
Modification code I10) was first 
recorded in the electronic medical 

record and SBP ≥140 or DBP ≥90, 
and at least 1 visit at a participating 
program site before and after the 
diagnosis of hypertension. The 
requirement of at least 1 prior visit 
before receiving the diagnosis of 
hypertension was intended to 
increase the likelihood that the 
cohort was comprised of newly 
diagnosed patients. Follow-up visits 
for up to 42 months after the initial 
diagnosis were included.

Exclusion Criteria

Patients <18 or >85 years were 
excluded, which is consistent with the 
age range used in other quality metrics 

6
for controlling BP.  Patients with 
prescriptions for antihypertensive 
medications before the initial 
diagnosis of hypertension were also 
excluded.

2
Body mass index (kg/m ) was 

calculated from height, measured 
intermittently, and weight, which 
was recorded on 85% of encounters.

BP values were obtained from 
primary care practice sites of 
participating institutions. If >1 BP 
value was recorded for an encounter, 
the minimum SBP and corresponding 
DBP were selected for analysis.

Hypertension was defined by 
an International Classification of 
Disease, Tenth Revision, Clinical 
Modification diagnostic code of I10. 
For this study, only patients with 
newly diagnosed and untreated 
hypertension were included. Un- 
treated hypertension was defined as 
individuals with an initial visit BP of 
140/90 mm Hg or greater with out 
previously prescribed antihypertensive 
medication.

Time since diagnosis was 
calculated as the number of months 
from the visit date of the first 
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observed hypertension diagnosis.
Hypertension control was defined 

by a medical encounter with SBP 
<140 and DBP <90. Visits were 
grouped into periods of 6 months, 
with BP control calculated as the 
percentage of encounters with BP 
<140/<90 for each patient.

TI was defined by a new 
prescription for an antihypertensive 
medication class in previously 
untreated patients with uncontrolled 
BP.

Treatment intensification, which 
includes TI, was defined as a new 
prescription for an antihypertensive 
medication class in a patient with 
uncontrolled hypertension, irrespe- 
ctive of whether the patient was 
treated or untreated.

Outpatient encounter was 
defined by data indicating that a 
patient received service from a 
clinician at a primary care program 
site, either in-person or virtually. 
Inpatient visits, canceled appoint- 
ments, and visits where the context 
was clearly indicated as emergency, 
documentation only, or another 
nonclinical encounter were not 
included in the analytic data set.

Monotherapy was defined as 
treatment initiation with an anti- 
hypertensive medication of a single 
drug class.

Combination therapy was defined 
as coincident treatment with >2 
antihypertensive medication classes.

Diabetes was identified from 
International Classification of 
Disease, Tenth Revision coding in 
the electronic health record system.

Data analysis was conducted 
using a combination of Mystructured 
query language (SQL) and Python 
libraries, including StatsModels 
(0.13.2), Lifelines (0.28.0), Numpy 
(1.21.5), and Pandas (1.4.4). Clinical 
and demographic characteristics of 
the patient cohort were summarized 
as the number and frequency for 
categorical data or mean and SD 
for continuous data. Comparisons 

of characteristics for patients with 
TI during the first month following 
diagnosis versus those without 
treatment in the first month were 

2
conducted using χ  statistics or 
pooled t tests. Patient characteristics 
were also examined at 3 time points, 
including 1 month, 24 months, and 
42 months, to assess potential bias 
in loss to follow-up in the analysis 
cohort.

The primary analysis considered 
2 outcomes of interest: (1) the 
incidence of TI during the first month 
since diagnosis versus later time 
points, and (2) BP control to <140/ 
<90. Both outcomes were calculated 
as prevalence ratios for visits 
within 6-month intervals, with the 
first month following the diagnosis 
serving as the initial value. Multi- 
variable models incorporated age, 
race, sex, diabetes, initial BP, and a 
confirmatory or repeat BP after an 

initial SBP ≥140 or DBP ≥90 as 
independent variables. Race was 
dichotomized as White or non-
White by combining Black and other 
than White races. The relationship 
between each dependent variable 
and independent variable was 
examined as a function of time 
since diagnosis, comparing patients 
initiated on monotherapy to those 
remaining untreated during the first 
month following initial diagnosis 
of hypertension. Variables for each 
model were predetermined and 
potential effect modification was 
assessed by the inclusion of 
interaction terms in the model. When 
no significant effect modifications 
were detected, the interaction terms 
were omitted from the final model. 
Potential confounding effects were 
examined using stratified models 
to assess their influence.

Logistic regression models were 
used to compute the odds of TI for 
each 10 mm Hg increase in SBP and 
DBP, the presence of confirmatory 
BP measurements, and for each 5-
year increment in patient age. 

Logistic regression models were 
constructed for the cohort and 
separately for patients with and 
without diabetes, for White and 
non-White race, and by sex. Models 
were not adjusted for body mass 
index, as this variable did not affect 
model outcomes. Cox proportional 
hazards regression was performed 
to estimate the rate of BP control 
over the 42-month study period (at 
both <140/<90 and <130/<80) for 
patients with TI in the first month 
compared with patients without TI in 
the first month. For all multivariable 
models, observations were limited 
to covariates with nonmissing data.

A patient cohort was selected from 
5 health care organizations 
participating in the AMA MAP 
Hypertension quality improvement 
program to improve BP control 
(Figure 1). In this study, 15 422 
eligible patients with 63 558 
clinical encounters were followed 
for up to 42 months. Of these 
clinical encounters, 313 (0.5%) 
were without a documented race, 
and 10 850 (15%) without a body 
mass index. The median length of 
follow-up was 24 months overall, 
18 months for patients with TI 
during the first month, and 24 
months for those without TI in the 
first month.

Table 1 shows the demographic 
and clinical characteristics for all 
patients during the first month 
following hypertension diagnosis 
and stratified by treatment status 
in the first month. Non-White, 
female, younger ages, and those 
with higher BP values were more 
likely to have TI in the first month. 
Patients diagnosed with diabetes 
were less likely to have TI in the 
first month.

Table 2 captures demographic 
and clinical characteristics over the 
follow-up period. Those with longer 

RESULTS
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Figure 1. From a sample of 450 767 adults at Measure Accurately, Act Rapidly, Partner 
with Patients (MAP) primary care sites, 18 389 adults were identified with hypertension 
that was untreated. Among this group, the study sample of 15 422 adults were selected 
who were either initiated on monotherapy or remained untreated.

follow-up time were more likely to 
be female, older and have 
diabetes. Initial SBP and DBP values 
were similar across time points.

TI with monotherapy for 
uncontrolled hypertension was 
evaluated during the first month 
after diagnosis and at 6-month 
intervals thereafter (Figure 2). TI 

occurred in ≈44% of patients in 
the first month, 75% at 6 months, 
82% at 1 year, and 90% at 2 years 
after diagnosis. The influence of TI 
with monotherapy during the first 
month after the diagnosis of 
hypertension versus later time 
points on BP control to <140/<90 
at 6-month intervals is also shown 
in Figure 2. Patients with TI during 
the first month had a significantly 
higher control rate at 6 months 

time since diagnosis (57.4% versus 
47.5%, P<0.001), which was 
maintained until 30 months (66.8% 
versus 62.0%, P<0.001). Further, 
patients treated in the first month 
had only a 1.9 mm Hg greater 
baseline mean SBP than their 
untreated counterparts, although 
the difference was statistically 
significant (154.4 versus 152.5 
mm Hg, P<0.001).

The rate of treatment intensifi- 
cation for those who did and did 
not begin monotherapy in the first 
month is shown in Figure S1. For 
patients with TI during the first 
month, values from 6 through 42 
months represent the rate of 
subsequent treatment intensification. 
For those who were not initiated 
on monotherapy in the first month, 

values from 6 through 42 months 
represent both TI and subsequent 
treatment intensification.

The likelihood of TI during the 
first month after the diagnosis of 
hypertension was 14% greater for 
each 10 mm Hg increment in SBP 
and 7% higher for each 10 mm Hg 
increment in DBP, adjusting for age, 
race, sex, and diabetes (Table 3). 
No significant interaction terms 
were found. The effect of SBP and 
DBP on TI was similar in groups by 
diabetes, race, and sex status. 

Confirming SBP ≥140 on repeated 
measurement(s) during the initial 
visit increased the likelihood of TI 

by ≈68%, with similar effects in 
groups defined by age, race, sex, 
and diabetes status. Each 5-year 
increment in age reduced the 
likelihood of TI by roughly 10%, with 
similar effects in groups defined by 
sex, race, and diabetes status.

BP control during the 42-month 
follow-up period was 19% more 
likely for patients with TI during the 
first month (hazard ratio [HR], 1.19 
[95% CI, 1.13–1.25]) than patients 
untreated during the first month, 
which persisted after adjusting for 
age, race, sex, and initial SBP (HR, 
1.21 [95% CI, 1.15– 1.27], Table 4). 
The benefit of TI in the first month 
after diagnosis of hypertension was 
also observed for the control 
threshold of <130/<80 mm Hg after 
multivariable adjustment (HR, 1.14 
[95% CI, 1.07 –1.21]).

The principal finding of our study is 
that patients with untreated, 
uncontrolled hypertension who are 
initiated on monotherapy during 
the first month following the 
diagnosis of hypertension achieved 
better BP control at 6 months than 
patients who were not treated in 
the first month. Hypertension 
control within the first 6 months of 
treatment reduces the incidence of 

DISCUSSION
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Table 1. Clinical Characteristics of Adults With Hypertension Who Were Either Prescribed or Not Prescribed Antihypertensive 
Monotherapy Within 1 Month After the Diagnosis of Hypertension

Characteristics                  1 mo TSD (All,                 
                                            n=15 422)                         (n=6885)                              (n=8537)

Race                                                                                                                                                                              <0.0001  
   White                              7351 (47.7%)                    3132 (45.5%)                       4219 (49.9%)
   Non-White
   Black                               6939 (45.0%)                    3194 (46.4%)                       3745 (43.9%)    
   Other                              1132 (7.3%)                      504 (8.1%)                            573 (6.7%) 

Ethnicity                                                                                                                                                                      <0.0001
   Non-Hispanic                 13 805 (89.5%)                6043 (87.8%)                       7762 (90.9%) 
   Hispanic                         1522 (9.9%)                       795 (11.5%)                         727 (8.5%)
   Other                              95 (0.6%)                           47 (0.7%)                             48 (0.6%)
   
Sex                                                                                                                                                                                <0.0025
   Male                                6870 (44.5%)                    3159 (45.9%)                      3711 (43.5%)
   Female                            8549 (55.4%)                    3723 (54.1%)                       4826 (56.5%)    

Age, y                                 56.0 (±14.8)                      53.3 (±14.0)                         58.2 (±15.0)                          <0.0001

Baseline systolic               153.3 (±12.5)                   154.4 (±12.5)                       152.5 (±12.5)                        <0.0001
BP, mm Hg 

Baseline diastolic             86.9 (±11.8)                      88.5 (±11.5)                         85.5 (±11.8)                          <0.0001
BP, mm Hg

Body mass index,             31.5 (±7.8)                        31.5 (±7.8)                           31.5 (±7.9)                             1.000
2

kg/m

Diabetes                            3371 (21.9%)                    1343 (19.5%)                       2028 (23.8%)                        <0.0001

Treated first month           Untreated first month        P (treated vs untreated) 

Data are presented as number (n) and percent (%) or mean and SD. BP indicates blood pressure; and TSD, time since diagnosis.
*Categories with n<5 were removed. Categories of Other represent values that were either noted as other, were not reported, 
or were present with low frequency.

1–5
cardiovascular events.  Moreover, 
superior control was maintained 
through 30 months in the group 
with TI in the first month than later 
time points.

Treatment with initial mono- 
therapy was the focus, since most 
adults with hypertension are 
initiated on a single antihypertensive 

8,12,13medication drug class.  While 
initial monotherapy predominates, 
initial combination therapy leads 

12–15
to better BP control  fewer 

8,18
cardiovascular events,  and is 
recommended in the treatment 

7,18
guidelines.

In our study, the cumulative 
rate of TI increased as a function of 

time (Figure 2), whereas the rate 
of increase slowed over the course 
of 42 months (Figure 2). For 
patients initiated on monotherapy, 
subsequent treatment intensification 
is often required to attain BP 

7,18,20–22
control.  However, patients 
initiated on monotherapy in the 
first month did not achieve 70% or 
higher control rates to <140/<90. 
This finding is consistent with their 
low rates of subsequent therapeutic 
intensification for uncontrolled 

hypertension, which averaged ≈
16% at 6 months, 14% at 12 
months, and roughly 10% thereafter 
(Figure S1). Our findings coincide 
with other reports that treatment 

intensification occurs in <1 in 6 
encounters when BP is uncontrolled 
and represents a key barrier to 

19–21
good BP control.

Regression toward the mean is 
a phenomenon wherein a group of 
individuals selected for high or low 
values on biological variables, for 
example, BP, regress toward mean 

22,23
values over time.  This phenomenon 
may contribute to the decline of 
mean SBP in patients not treated 
during the first month after 
diagnosis, as well as in patients 
who were initially treated. The 
group treated during the first 
month after diagnosis experienced 
a greater decline in SBP than the 
untreated at 6 months (17.1 versus 
12.4 mm Hg), providing evidence 
for the effectiveness of initial 
monotherapy in lowering BP and 
improving control. In multivariable 
analysis, patients with TI during 
the first month had a 21% greater 
likelihood of control to <140/<90 
(HR, 1.21 [95% CI, [1.15–1.27]) 
across the 42-month study period, 
supporting the relationship between 
prompt treatment and time to BP 
control (Table 4). TI during the first 
month after diagnosis also improved 
control to <130/<80 (HR, 1.14 [95% 
CI, 1.07–1.21]).

The population mean SBP of ≈
135 in this study is comparable to 
that in the SPRINT standard 
treatment group, where control 

18rates to <140/<90 were ≈60%.  
Evidence indicates that mean SBP 
<130 is required to control 80% or 
more of patients to <140/<90, 
which suggests that greater rates 
of antihypertensive treatment 
intensification are required to 

24,25
attain higher rates of control.  
Estimates suggest that treatment 
intensification would need to 
occur on at least 5 of 8 visits with 
uncontrolled BP to improve control 

19rates from 46% to 80% or higher.
Our study highlights key 

variables associated with higher 
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Table 2. Clinical Characteristics of Adults With Initially Untreated, Uncontrolled 
Hypertension at 1, 24, and 42 Months Following the Diagnosis of Hypertension

Characteristics            1 mo TSD (n=15 422)     24 mo TSD (n=6300)         42 mo TSD (n=3907)

Race
   White                       7351 (47.7%)                 2985 (47.4%)                   1771 (45.3%)
   Non-White
   Black                         6939 (45.0%)                2985 (47.4%)                   1955 (50.0%)
   Other                       1132 (7.3%)                   330 (5.2%)                        181 (4.6%)

Ethnicity                     
   Non-Hispanic          13 805 (89.5%)             5876 (93.3%)                    3683 (94.2%)
   Hispanic                   1522 (9.9%)                   396 (6.3%)                        208 (5.3%)
   Other                        95 (0.6%)                       28 (0.4%)                          16 (0.4%)

Sex
   Male                         6870 (44.5%)                2517 (39.9%)                    1480 (37.9%)
   Female                     8549 (55.4%)                3782 (60.0%)                    2426 (62.1%)

Age, y                          56.0 (±14.8)                   58.1 (±14.5)                     59.0 (±14.0)

Baseline systolic        153.3 (±12.5)                153.4 (±12.3)                    152.8 (±12.2)
BP, mm Hg

Baseline diastolic      86.9 (±11.8)                   86.6 (±11.6)                      86.1 (±11.6)
BP, mm Hg

Body mass index,      31.5 (±7.8)                     31.8 (±7.9)                        31.9 (±7.9)
2kg/m

Diabetes                     3371 (21.9%)                1800 (28.6%)                    1233 (31.6%)

Data are presented as number (n) and percent (%) or mean±SD. BP indicates blood 
pressure; and TSD, time since diagnosis.
*Categories with n<5 were removed.

rates of TI. Higher SBP and DBP 
increased, while aging reduced 
the likelihood of TI. Of note, a 
repeat BP measurement confirming 
uncontrolled BP increased the 
likelihood of TI by over 60%, an 
effect which was similar across 
groups defined by diabetes, race, 
and sex (Table 3). Guidance to 
repeat the measurement of BP 
following an uncontrolled reading 
is an established feature of quality 
improvement programs, including 
Kaiser Permanente and AMA MAP 

11,26Hypertension.  Confirmatory 
measurements partially address 
the concern of inaccurate and 
nonrepresentative BP values, which 

20
contribute to therapeutic inertia.

Limitations of this study 
include reliance on electronic health 

record data, which are often 
incomplete and inconsistent, 
especially with interoperability 
challenges when integrating data 
from multiple heterogeneous 
health care organizations with 
differing information systems and 
documentation practices. When 
relying on real-world data systems, 
information potentially relevant to 
the scope of the study for patients 
receiving health care services at 
external locations is not available. 
Our database is dependent on the 
integrity of data extracted from 
electronic health record systems 
and data warehouses, with limited 
capabilities for validation against 
source documents. Further, 
numerous errors occur during BP 

27measurement in usual care settings.  

BP values are occasionally entered 
in a text field note, and our 
database includes only values in the 
vital signs fields. Information on 
prescribed medications is often 
incomplete or erroneous, depending 
on accurate and timely medication 
reconciliation, which includes 
medications prescribed by clinicians 
using different electronic health 

28record systems.  Our study period 
included the COVID pandemic, 
during which in-person visits, 
typically including BP values, declined, 
and virtual visits, less often tracking 

29
relevant patient vitals, increased.  
Further, while evaluating the risk of 
cardiovascular events as a function 
of the time to treatment initiation 
was of interest, the data to assess 
clinical outcomes was not reliably 
available.

Our study addressed some 
limitations through data cleaning 
and validation methods used by 
the MAP Hypertension program, 
which requires a higher standard 
of encounter, medication, and 
diagnostic documentation complete- 
ness. Patients included in the 
analysis were required to have an 
outpatient visit history within the 
organization before their initial 
hypertension diagnosis, reducing 
the likelihood of erroneous inclusion 
from incomplete history.

In summary, TI during the first 
month after the diagnosis of 
hypertension leads to better 
hypertension control for 30 months 
than delayed beyond the first month.

Adults  with untreated and 
uncontrolled hypertension are more 
likely to achieve BP control to 
<140/<90 in the first 6 months after 
diagnosis when antihyper- tensive 
monotherapy is initiated during the 
first month of diagnosis than at 
later time points. Moreover, 
improved control was sustained 

PERSPECTIVES
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Figure 2. Top: The cumulative rate of treatment initiation (TI) over time is shown for 
all patients with distinction between those who had TI in the first month (dashed 
purple line) and those who did not have TI in the first month (dashed blue line) after 
the diagnosis of hypertension. Patients with TI during the first month (solid purple line) 
had higher blood pressure (BP) control rates from 6 up to 30 months after diagnosis of 
hypertension than those not initiated during the first month (solid blue line). Bottom: 
Count of patients by time period stratified by patients who were or were not initiated 
on antihypertensive therapy in the first month after the diagnosis of hypertension. 
TSD indicates time since diagnosis.

for 30 months following diagnosis 
in this initially treated group 
compared with the group that was 
not treated in the first month after 
diagnosis. While patients initiated 
on monotherapy during the first 
month following diagnosis of 
hypertension achieved higher control 
rates than individuals initiated at 
later time points, >30% remained 
uncontrolled at 3 years, indicating a 
need for more frequent treatment 
intensification. Confirming an 
uncontrolled BP during the visit was 
associated with a greater probability 
of treatment initiation. Importantly, 
hypertension control during the 
first 6 months after diagnosis 
provides greater cardiovascular 
protection than delayed control.

The findings and conclusions in this 
report are those of the authors and 
do not necessarily represent the 
official position of the American 
Medical Association.
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Table 3. Impact of Initial BP, Confirmatory Measurements, and Age on Odds Ratios 
(95% CI) for Therapeutic Initiation in Patients With Hypertension, Stratified by 
Clinical and Demographic Characteristics

Group                                            Initial SBP,                       
                                                       10 mm Hg                        10 mm Hg                      measurement

All patients (n=15 422)               1.14 (1.11–1.17)            1.07 (1.04–1.10)           1.68 (1.57–1.79)            0.90 (0.89–0.91)

Patients without diabetes         1.14 (1.11–1.18)             1.06 (1.02–1.10)           1.64 (1.52–1.76)            0.91 (0.89–0.92)
(n=12 051)

Patients with diabetes                1.13 (1.07–1.20)            1.07 (1.00–1.15)           1.79 (1.54–2.08)            0.87 (0.85–0.90)
(n=3371)

White patients (n=7351)            1.19 (1.14–1.24)            1.08 (1.03–1.14)           1.58 (1.43–1.75)            0.89 (0.87–0.91)

Non-White* patients                  1.11 (1.07–1.15)            1.05 (1.01–1.10)           1.74 (1.53–1.91)            0.91 (0.90–0.93)
(n=8071)

Male patients (n=6867)              1.16 (1.11–1.21)            1.09 (1.04–1.15)           1.63 (1.47–1.80)            0.92 (0.90–0.94)

Female patients (n=8555)          1.13 (1.09–1.18)            1.03 (0.99–1.08)           1.70 (1.55–1.86)            0.88 (0.87–0.90)

Initial DBP,                     Confirmatory                Age, 5 y 

Data are shown as multivariable odds ratios and 95% CIs. Odds ratio for therapeutic 
initiation are provided according to differences in SBP, DBP, confirmatory measurement 
and age status. BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, 
systolic blood pressure.
*
Non-White represents patients who had either a documented race of Black or other.
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Footnote

Nonstandard Abbreviations and 
Acronyms

AMA   American Medical
                Association
BP   blood pressure
DBP   diastolic blood pressure
HR          hazard ratio
ICD10-      

  Disease, Tenth Revision,     
                Clinical Modification
MAP   Measure Accurately, Act            
                    Rapidly, Partner with  
                Patients
SBP   systolic blood pressure
TI   treatment initiation

International Classification
CM         of 
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Inflammatory and clinical risk factors for asthma attacks 
(ORACLE2): a patient-level meta-analysis of control groups 
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Summary

Background

Clinical risk factors for severe 
asthma attacks have been identified, 
but their incremental prognostic 
values are unclear. Additionally, 
the incremental contribution of 
type 2 inflammation, a common, 
treatable process, is undetermined. 
We aimed to quantify the prognostic 
value of baseline characteristics and 
type 2 inflammatory biomarkers, 
specifically blood eosinophil count 
and fractional exhaled nitric oxide 
(FeNO), to predict asthma attacks.

Methods

In this systematic review and meta-
analysis of randomised controlled 
trials (RCTs), Oxford Asthma Attack 
Risk Scale 2 (ORACLE2), we searched 
MEDLINE from Jan 1, 1993, to April 
1, 2021, for trials investigating 
fixed treatment regimen effects on 
asthma attack rates for at least 6 
months with baseline blood 
eosinophil count and FeNO. Eligible 
participants were aged 12 years or 
older with asthma (any severity) 

who had been randomly assigned 
to the control group of an RCT. 
Relevant trials were manually 
retrieved and reviewed by two 
independent reviewers (SC and IDP). 
Disagreements were discussed with 
five reviewers. Individual patient 
data (IPD) for meta-analysis were 
requested from study authors. We 
investigated the rate of severe 

asthma attacks (≥3 days of systemic 
corticosteroids) for at least 6 months 
and prognostic effects of baseline 
blood eosinophil count and FeNO 
in control group participants. Rate 
ratios (RRs) with 95% CIs were derived 
for annualised asthma attack rates 
from negative binomial models 
adjusted for key variables, including 
blood eosinophil count and FeNO, 
and interactions between these 
type 2 inflammatory biomarkers 
were explored. Certainty of evidence 
was assessed using GRADE. The 
heterogeneity of the included studies 
and potential for ecological bias 
were quantified by the concordance 
statistic (C-statistic). This study was 
registered with PROSPERO, 
CRD42021245337.

Findings

We identified 976 potentially 
eligible studies. After automated 
screening, we manually reviewed 
219 full-text articles. Of these, 19 
publications comprising 23 RCTs 
were eligible. 6513 participants 
(4140 [64%] female; 2370 [36%] 
male; three missing) spanning 22 
RCTs were included for data 
analysis. 5972 (92%) of 6513 
patients had moderate-to-severe 
asthma. 4615 asthma attacks 
occurred during 5482 person-
years of follow-up (annualised rate 
0·84 per person-year). Higher 
blood eosinophil count or FeNO was 
linked to higher asthma attack risk 
(per 10-fold increase, RR 1·48 [95% 
CI 1·30–1·68] for blood eosinophil 
count and 1·44 [1·26–1·65] for FeNO; 
high-certainty evidence). Other 
prognostic factors were attack history 
(yes vs no, RR 1·94 [1·61–2·32]); 
disease severity (severe vs moderate, 
RR 1·57 [1·22–2·03]); FEV1 percentage 
predicted (FEV1%; per 10% decrease, 
RR 1·11 [1·08–1·15]); and 5-item 
Asthma Control Questionnaire score 
(ACQ-5; per 0·5 increase, RR 1·10 
[1·07–1·13]). High blood eosinophil 
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count and FeNO combined were 
associated with greater risk than 
either prognostic factor separately. 
Bronchodilator reversibility was 
associated with lower risk of severe 
asthma attacks (per 10% increase, 
RR 0·93 [0·90–0·96]), with the 
reduction observed primarily 
between 0% and 25%. Regarding 
heterogeneity of the included studies, 
the C-statistic ranged from 0·58 to 
0·95, indicating major differences in 
patient and disease characteristics 
between studies. In the univariable 
meta-analysis per trial, we found 
substantial heterogeneity in 
associations between studies, with 
I2 statistics ranging from 0·56 to 0·97.

Blood eosinophil count, FeNO, 
asthma attack history, disease 
severity, low lung function (low 
FEV %), and symptoms (ACQ-5 score) 1

are key predictors of asthma attacks. 
Conversely, we found that moderate 
bronchodilator reversibility was 
associated with reduced risk. 
These findings from high-quality 
multinational RCTs support incor- 
poration of blood eosinophils and 
FeNO into clinical risk stratification 
for targeted risk reduction. More 
individualised clinical decision-
making models should be explored.
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Asthma is a chronic disease affecting 
400 million people worldwide and 

Interpretation

Introduction

10% of high-income country 
1

populations.  Due to morbidity, 
mortality, and health-care costs, 
asthma attacks are key outcomes 
that need to be predicted and 

1,2
prevented.

Ev id en c e  s u p p o r t s  r i s k  
assessment and treatment titration 
based on a history of a previous 
asthma attack and a list of clinical 

1
risk factors.  This framework is 
centred on symptoms (eg, night-time 
awakenings, activity limitations, and 
frequent reliever requirement) 
and evidence of damage (eg, lung 
function decline and previous 
attacks), which are identifiable only 
after they have happened. The 
limitations of this approach are 
that many of these prognostic factors, 
such as history of a previous asthma 
attack or sex assigned at birth, do 
not inform on modifiable pathways. 
Other factors, such as lung function 
and symptoms, are modifiable 
independently of an effect on asthma 
attacks. For example, long-acting 
bronchodilator monotherapy 
improves airflow and symptoms 
without reducing asthma attack 

3
risk.  Furthermore, lung function 
must decline to gain prognostic 
value, implying that the airways 
must be damaged to prompt more 
aggressive management. Identifying 
risk factors that inform on a causal 
and treatable biological pathway 
that underpins the adverse outcome 
of interest might be more useful 
than symptom management to 

4
improve outcomes.

The past decade of research has 
revealed that type 2 inflammation is 
prevalent, measurable, treatable, 
and, in many cases, a cause of asthma 

5–8
attacks.  Type 2 inflammation is 
identifiable in the clinic by the use of 
two independent, complementary, 
and accessible biomarkers: the 
peripheral blood eosinophil count 
and fractional exhaled nitric oxide 

5,9
(FeNO).  Importantly, inflammation 
and the risk of attacks identified by 

these biomarkers are reduced with 
7

appropriate treatment,  be it low-
dose inhaled corticosteroids in mild 

10,11
asthma,  a higher dose of inhaled 

12,13
corticosteroids in moderate asthma,  
or biological agents targeting type 
2 inflammatory pathways in moderate 

14–17and severe asthma.  Blood 
eosinophils and FeNO have thus 
emerged as so-called treatable 
traits, crucial for redefining airway 

5
diseases.

Evidence before this study

Although risk factors for asthma 
attacks have been identified, there 
is limited understanding of the 
quantitative risk associated with 
these characteristics. We reviewed 
the 2023 findings of an annual, 
independent, international expert 
literature review that identified 
risk factors for asthma attacks. The 
list of 20 risk factors was based on 
35 publications, none of which 
informed the multivariable prognostic 
relations across clinical profiles. We 
also reviewed 12 previously published 
clinical prediction models for asthma 
attacks and found none that included 
both blood eosinophil count and 
fractional exhaled nitric oxide (FeNO) 
as prognostic variables. Finally, we 
searched PubMed from Jan 1, 1993, 
to Feb 23, 2024, for clinical trials, 
systematic reviews, and meta-analyses 
assessing risk factors for asthma 
attacks. We used the search terms 
“asthma”, “exacerbation”, “risk”, and 
“factors” with no language or time 
restrictions. This search yielded 192 
results, including ten papers with 
multivariable analyses to predict 
asthma attacks. Only one publication 
included blood eosinophils and FeNO 
in their multivariable prediction 
model of asthma attacks. However, this 
analysis was a real-world randomised 
trial in adolescents in which 
background treatment fluctuated.

Research in context

Clinical Health Volume 21 May/June Issue, 2025                                              26



Added value of this study

We collaborated with academic, 
public, and pharmaceutical data 
providers to access high-quality 
individual patient data (IPD) from 
the control groups of 22 randomised 
controlled trials of asthma, for a 
total of 4615 attacks over 5482 
person-years of follow-up. This 
first broad consortium in airway 
disease enabled us to perform a 
large IPD meta-analysis providing 
precise estimates of the prognostic 
value of type 2 inflammatory 
biomarkers and other characteristics 
while background therapy was 
controlled. Our multivariable 
analyses show that raised blood 
eosinophil count and FeNO are 
important, multiplicative, and 
prevalent predictors of asthma 
attacks, with synergistic prognostic 
effects (high-certainty evidence). 
The prognostic effects of blood 
eosinophil count and FeNO were 
incremental to other key risk 
factors, which our model adjusted 
for: asthma attack history, disease 
severity, lower lung function, and 
symptoms (high-certainty evidence). 
After adjusting for the presence of 
type 2 inflammation, we showed 
that moderate bronchodilator 
reversibility—traditionally con- 
sidered the defining characteristic 
and diagnostic gold standard for 
asthma—was associated with 
reduced asthma attack risk 
(moderate-certainty evidence). 
These findings imply that clinical 
risk stratification in asthma should 
incorporate inflammatory pheno-
typing using blood eosinophil count 
and FeNO.

Implications of all the available 
evidence

This work quantifies the value of 
measurable inflammatory and 
clinical prognostic factors to identify 
patients at highest risk of asthma 

attacks. Unlike a predictor such as 
previous history of asthma attacks, 
tools such as the type 2 inflammatory 
biomarkers anticipate risk and 
provide opportunities to intervene 
preventively. In our large IPD 
meta-analysis, elevations in blood 
eosinophil count and FeNO were 
associated with an excess risk of 
asthma attacks. Considering the 
mechanistic, prognostic (ie, predi- 
cting adverse outcomes), and 
theragnostic (ie, predicting treatment 
responsiveness) values of type 2 
inflammatory biomarkers, we 
speculate that individualised clinical 
decision making in asthma would 
be improved by a framework that 
includes these modifiable prognostic 
factors in clinical prediction models.

We previously proposed a 
proof-of-concept biomarker-
stratified asthma attack scale, 
suggesting a novel framework for 

6,7clinical decision making.  This 
conceptual prototype did not have 
a detailed and statistically robust 
assessment of multivariable 
prognostic relations and interactions. 
Importantly, previous studies have 
not yet shown the synergistic value 
of biomarkers in predicting asthma 
attacks, probably due to the 
correlation between the biomarkers 
and sample size constraints in 
previous analyses. In this individual 
patient data (IPD) meta-analysis, 
we aimed to quantify the prognostic 
value of baseline characteristics 
and type 2 inflammatory biomarkers, 
specifically blood eosinophil count 
and FeNO, to predict asthma attacks.

Search strategy and selection 
criteria

The study protocol was published 
and followed without deviation for 
this systematic review and meta-

1 8
analysis.  We followed the 
PRISMA-IPD and REMARK checklists. 

Methods

19,20 Eligible studies were randomised 
controlled trials (RCTs) published 
from Jan 1, 1993, to April 1, 2021, 
investigating fixed treatment 
regimen effects on asthma attack 
rates for 6 months or more, with 
baseline blood eosinophil count 
and FeNO. We searched MEDLINE 
using previously described terms 
(appendix p 4)18 with language 
restricted to English and French. 
Relevant trials were manually 
retrieved. Two reviewers (SC and 
IDP) independently reviewed 
retained publications to select trials 
for inclusion. Disagreements were 
discussed (SC, IDP, EWS, JKS, and 
FLM), with reasons for exclusion 
recorded. There were no specific 
trial exclusion criteria. Trial inclusion 
was unblinded. Authors of retained 
studies and trial sponsors were 
contacted and invited to contribute 
IPD and join the Oxford Asthma 
Attack Risk Scale 2 (ORACLE2) 
consortium. We contacted and 
received responses from all authors 
of included trials. Manual reference 
searching was performed for 
completed clinical trials that were 
in press at the time of the 
systematic review, which were 
identified through press releases.
We included IPD from patients 
aged 12 years or older diagnosed 
with asthma of any severity 
according to objective criteria who 
were randomly assigned to the 
control group of an RCT. The 
control group was the intervention 
corresponding to the lowest anti-
inflammatory therapy intensity after 
randomisation (ie, randomly assigned 
to no inhaled corticosteroids, 
lowest-dose inhaled corticosteroids, 
or inhaled corticosteroids plus 
placebo). We excluded patients 
allocated to receive inhaled 
corticosteroids in the control 
group if they were not on inhaled 
corticosteroids before randomi- 

21
sation.  We also excluded patients 
missing data for both the baseline 
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blood eosinophil count and FeNO, 
asthma severity (Global Initiative 
for Asthma [GINA] treatment steps: 
1 being very mild to 5 being severe 
asthma), follow-up duration, or 
number of severe asthma attacks 
during follow-up, or who did not 
consent to third-party data sharing.

Each study was analysed with 
the Cochrane Collaboration tool 
for assessing the risk of bias in 

22
randomised trials.  These judgments 
were made independently by two 
authors (CC-P and SC) based on the 
criteria for judging the risk of bias 
across five domains. Disagreements 
were resolved by discussion or 
consortium arbitration.

Data analysis

We requested anonymised IPD for 
42 covariates (appendix pp 
46–50). These data included 
demographics, GINA treatment 
step, baseline spirometry, severe 
asthma attack history, control 
group intervention, biomarkers, 
other GINA-defined risk factors at 
baseline,1 duration of follow-up 
under control therapy, and the 
outcome of interest (ie, the number 
of severe asthma attacks during 
follow-up). Severe asthma attacks 
were defined as acute asthma 
episodes requiring at least 3 days 
of systemic corticosteroids. Data 
were shared freely. The external 
data extraction programming 
code was requested and made 
available on GitHub whenever 
possible.

Extracted data were securely 
transferred to a digital storage 
solution provided by the University 
of Oxford. Under the terms of the 
data sharing agreements, access 
to the complete dataset was 
available to the primary authors 
and statisticians on the study 
protocol (FLM, EWS, IDP, and SC).

IPD were combined for the 
23initial data analysis (IDA).  The IDA 

was conducted by two authors 
(FLM and SC) and comprised cleaning 
and screening of the extracted 
data, (graphical) description of the 
data distribution and missingness, 
and assessment of missingness. 
Detailed IDA steps are reported in 
the appendix (pp 4–7). Throughout 
the IDA process, discrepancies were 
resolved by consensus discussion, 
in direct collaboration with data 
providers. There were no duplicate 
data. In addition, R coding was 
supported by two independent 
statisticians. The heterogeneity of 
the included studies and potential 
for ecological bias were quantified 
by a membership concordance 
statistic (C-statistic). A high C-statistic 
reflects substantial differences 
between baseline characteristics 
of the patients in distinct studies. 
Outcome-specific heterogeneity 
across trials was quantified by I2 in 
univariable forest plots. All statistical 
analyses were performed with R 
version 4.4.1.3 The R code for data 
extraction and analysis is provided 
on Github.

The assessment of missingness 
and imputation methods are 
detailed in the appendix (pp 5–7). 
Briefly, the 42 covariates revealed 
patterns of systematically missing 
data within some trials (appendix 
pp 10–13). Missing values were 
estimated with multiple imputation 
by chained equations and the mice 
package in R, with results combined 

24
with Rubin's rules.  There were 
small discrepancies between some 
variable definitions across trials 
(appendix p 5). In some instances, 
more than 50% of observations 
were systematically missing in a 
variable, but key variables used in 
the analyses were not systematically 
missing (appendix p 13). Candidate 
predictors  were sorted by 
standardisation and completeness. 
For example, blood eosinophil 
count, FeNO, IgE, age, BMI, sex, 5-
item Asthma Control Questionnaire 

score (ACQ-5), spirometry, the 
number of severe asthma attacks 
in the previous 12 months, and 
treatment step had the most 
standard and complete reporting 
across trials (appendix p 73).

To assess the prognostic 
relationships between baseline 
characteristics and the risk of asthma 
attacks, we derived univariable and 
multivariable regression coefficients 
from negative binomial models for 
the annualised asthma attack rate 
using the R package MASS. To 
account for clustering of observations 
within studies, we specified enrolled 
trial as a factor in both the 
univariable (model one) and the main 
multivariable (model two) fixed-
effects models. The univariable 
model assessed the variable of 
interest while accounting for log-
transformed follow-up duration as 
an offset variable and enrolled trial 
as a factor. The main multivariable 
model further adjusted for covariates 
of asthma severity (treatment step 
1–5), attack history of the previous 
year (any attack: yes or no), mean 
ACQ-5 symptom score, FEV1 
percentage predicted (FEV1%) 
prebronchodilator, log-transformed 
blood eosinophil count, and log-
transformed FeNO (both per 10-
fold increase). These covariates 
were selected based on the 
conclusions of a previous systematic 
review of prediction models in 

25asthma,  the expertise of the study 
statisticians and clinical experts, 
and the main study hypothesis that 
type 2 biomarkers are attractive 
predictors of risk that identify anti-
inflammatory treatment opportunities 
while also being related to other 

5–7
prognostic factors.

We quantified the incremental 
effects of each potential prognostic 
factor by clinically relevant changes 
in those variables (eg, typical 
treatment-associated changes in 
FeNO and blood eosinophil count, 
minimal clinically important 
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differences in ACQ-5 and FEV1%). 
Nagelkerke R2 was calculated for 
the multivariable model with the R 
package fmsb. Further univariable 
and multivariable rate ratios (RRs) 
and 95% CIs were derived for other 
prognostic factors with retrievable 
data, sequentially adding in then 
removing each factor in the main 

1
multivariable model.  A sensitivity 
analysis was conducted by repeating 
the univariable analyses per 
variable of interest for each trial 
separately. The trial-specific RRs 
(95% CIs) were subsequently pooled 
by person-years of follow-up to 
account for variations in trial 
characteristics. The relationship 
between a study's effect size and 
its precision was visualised for all 
analyses separately with funnel plots. 
Additionally, we performed two 
sensitivity analyses by excluding 
open-label trials and by excluding 
trials that we considered as having 
some risk of bias. We did not adjust 
for multiplicity since multiple 
prognostic factors were each 

26considered relevant.  A spline curve 
was used to explore the prespecified 
18

 interaction analysis between 
biomarkers blood eosinophil count 
and FeNO with the annualised 
severe asthma attack rate (appendix 
pp 7–8). Finally, we explored the 
effect of FEV1 postbronchodilator 
reversibility on the annualised severe 
asthma attack rate with splines.

We assessed certainty of 
27evidence using GRADE  for each 

prognostic factor. For assessments 
of the overall quality of evidence 
for each outcome that included 
pooled data from RCTs only, we 
downgraded the evidence from 
high quality by one for serious (or 
by two for very serious) study 
limitations (risk of bias), indirectness 
of evidence, serious inconsistency, 
or imprecision of effect estimates.

Ethical approval for individual 
studies was obtained from multiple 
local committees that were part of 

the underlying trials. We used 
anonymised data for secondary 
analysis and obtained additional 
ethical approval from the Oxford 
Tropical Research Ethics Committee. 
This systematic review and meta-
analysis was registered with 
PROSPERO (CRD42021245337) and 
the protocol was previously 

18
published.

Role of the funding source

The funders of the study had no 
role in study design, data collection, 
data analysis, data interpretation, 
or writing of the report.

We identified 976 reports in the 
literature review. After automated 
screening of titles and abstracts, 
we manually reviewed 219 full-
text articles (appendix pp 52–66). 
Of these, 19 publications comprising 
23 RCTs met our eligibility criteria 
(figure 1). Over 2·5 years, nine data 
sharing agreements were reached 
with three academic or public data 
providers and six pharmaceutical 
data providers to pool IPD from 
control groups centrally. An 
overview of the 23 identified RCTs 
is shown in table 1, with detailed 
study characteristics of the analysed 
trials provided in the appendix (pp 
74–78). Data from one small RCT 

29were no longer retrievable.  Of 
the 6841 control group patients for 
whom data were requested, 6513 
participants spanning 22 RCTs 
were included for data analysis 
(figure 1). All trials except two had 
a low risk of bias (table 1; appendix 

36
p 14)  and there was no relevant 
overlap of participants. Of the 22 
analysed trials, 20 were double-
blind and two were open-label RCTs. 

5972 (92%) of 6513 patients 
had moderate-to-severe asthma 
(treatment steps 3–5). The majority 
of participants had a history of 

Results

severe attacks or poor asthma control, 
but 1280 (20%) of 6400 had not 
had an attack in the previous year 
and 929 (15%) of 6055 had at least 
partly controlled symptoms (ACQ-
5 <1·5). Overall, 4615 attacks over 
5482 person-years of follow-up 
occurred (annualised rate 0·84 per 
person-year), providing ample power 
for regression analyses and prediction 

41modelling (table 2).  Extended 
variables and values disaggregated 
per trial are shown in the appendix 
(p 79–87).

In the main multivariable 
regression analyses, we observed that 
higher blood eosinophil count or 
FeNO values were each associated 
with higher risks of asthma attacks 
(per 10-fold increase, RR 1·48 [95% 
CI 1·30–1·68] for blood eosinophil 
count and 1·44 [1·26–1·65] for FeNO; 
high-certainty evidence). Other 
prognostic factors (high-certainty 
evidence) in the main multivariable 
model were attack history in the 
previous year (yes vs no, RR 1·94 
[1·61–2·32]); disease severity (severe 
vs moderate, RR 1·57 [1·22–2·03]); 
FEV1% (per 10% decrease, RR 1·11 
[1·08–1·15]); and ACQ-5 (per 0·5 
increase, RR 1·10 [1·07–1·13]). The 
model had an explained variability 
of 23% (adjusted R2). The results of 
the univariable and multivariable 
regression models are shown in 
figure 2, with univariable outputs 
disaggregated per trial showing 
similar effect direction (appendix 
pp 15–35) and weighted-average 
effect size (appendix p 36). To assess 
biomarker prognostic differences 
further, risks at the 75th and 25th 
percentiles of the sample distribu- 
tion were compared. A baseline blood 
eosinophil count of 0·42 × 109 cells 
per L versus 0·14  × 109 cells per L 
was associated with an adjusted 
RR of 1·16 (95% CI 1·12–1·21) and a 
baseline FeNO of 42 versus 14 
parts per billion was associated with 
an adjusted RR of 1·11 (1·07–1·15; 
appendix p 37). RRs for 2-fold 
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Figure 1 Study selection

changes in blood eosinophil count 
and FeNO values are shown in the 
appendix (p 37). The absolute rates 
are estimated with spline curves 
(figure 3 and appendix p 38).

Among other explored variables, 
we found that a higher risk of a 
severe asthma attack was predicted 
by female sex (RR 1·24 [95% CI 
1·13–1·36]; high certainty), higher 

2
BMI (per kg/m , RR 1·01 [1·01–1·02]; 
high certainty), number of previous 
hospitalisations for asthma (per 
event, RR 1·23 [1·15–1·32]; moderate 
certainty, downgraded due to 
inconsistency in reporting), smoking 
status (ex-smoker vs non-smoker, 
RR 1·32 [1·18–1·47]; moderate 
certainty, downgraded due to 
selection bias), and greater pack-
years (per pack-year, RR 1·04 
[1·03–1·06]; moderate certainty, 
downgraded due to selection bias), 
allergic rhinitis (RR 1·12 [1·01–1·24]; 
moderate certainty, downgraded 
due to inconsistency in reporting), 
chronic rhinosinusitis with nasal 
polyposis (RR 1·16 [1·01–1·32]; 
moderate certainty, downgraded 
due to inconsistency in reporting), 
chronic rhinosinusitis without nasal 
polyposis (RR 1·20 [1·03–1·39]; 
moderate certainty, downgraded due 
to inconsistency in reporting), and 
lower FEV /FVC ratio (per 10% 1

decrease, RR 1·14 [1·10–1·19]; high 
certainty). FEV  postbronchodilator 1

reversibility was associated with a 
lower risk of severe asthma attacks 
(per 10% increase, RR 0·93 [0·90– 
0·96]; moderate certainty due to 
inconsistency in effect across 
trials). No prognostic effect was 
seen for higher age (high certainty), 
patient reported eczema (moderate 
certainty, downgraded due to 
inconsistency in reporting), patient-
reported airborne al lergen 
sensitisation (moderate certainty, 
downgraded due to inconsistency 
in reporting), inhaled corticosteroid 
adherence (low certainty, down- 
graded due to inconsistency in 
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                                                                             Patients included                  
                                                                             from the control                    folllow-up,                              Overall bias assessment 
     Control                                                           group                                       weeks                                      (concerns or comment)

Duration of 

28AZISAST  (UZ Ghent)               Placebo tablets                                            54/54 (100%)                          26                                             Low

Benralizumab phase 2a                                                                                                                                                                                      Some concerns (data 
in South Korea and                  Placebo subcutaneous                                                                                                                                    unretrievable by study                                                                                                                    

29Japan  (AstraZeneca)              injections                                                       0/27                                         52                                             sponsor)            

30Benralizumab phase 2b         Placebo subcutaneous                                211/222 (95%)                       52                                             Low 
(AstraZeneca)                            injections

                                                    Fluticasone furoate 100 µg
                                                    combinations (fluticasone 
                                                    furoate plus vilanterol, 
                                                    luticasone furoate plus                               1218/1218

12CAPTAIN  (GSK)                        vilanterol plus umeclidinium)                    (100%)                                     24–52                                       Low

31COSTA  (Genentech)               Placebo subcutaneous injections             145/145 (100%)                      36                                             Low

14DREAM  (GSK)                          Placebo intravenous perfusions               155/158 (98%)                        52                                             Low

32                          Dupilumab phase 2b Placebo subcutaneous 
(Sanofi-Regeneron)                  injections (all volumes)                              155/158 (98%)                        24                                             Low

33EXTRA  (Genentech)               Placebo subcutaneous 
                                                    injections (all schedules)                             420/423 (99%)                       48                                             Low

LAVOLTA I, LAVOLTA 
34II  (Eli Lilly)                                Placebo subcutaneous injections             726/726 (100%)                      52                                             Low

LUSTER-1, LUSTER-2
35 (Novartis)                                Placebo tablets                                            585/585 (100%)                     52                                              Low

                                                                                                                                                                                                                                Some concerns (randomisation 
                                                                                                                                                                                                                                process and missing outcome 

36LUTE, VERSE (Eli Lilly)              Placebo subcutaneous injections            116/116 (100%)                      24                                             data) 

37MILLY  (AstraZeneca)              Placebo subcutaneous injections             112/112 (100%)                      24                                             Low

16NAVIGATOR
(AstraZeneca)                            Placebo subcutaneous injections             519/531 (98%)                        52                                            Low (open label)

                                                    Salbutamol 200 µg inhaled 
10Novel START  (MRINZ)            when required                                             218/223 (98%)                        52                                             Low

38PACT  (National Heart,            Montelukast 5 mg orally once a                                                                                                                    
Lung, and Blood                        day plus placebo inhaled twice a                                                                                                                Low (many patients who                                                                                                                 
Institute)                                    day plus albuterol inhaled when                                                                                                                  were younger than 12 years 
                                                     required                                                       16/95 (17%)                             48                                             excluded)

39PATHWAY  (AstraZeneca)       Placebo subcutaneous injections              133/138 (96%)                       52                                             Low   

                                                                                                                                                                                                                                Low (open label; patients 
                                                    Budesonide 200 µg inhaled twice                                                                                                                not on inhaled corticosteroid  
                                                     a day plus terbutaline 500 µg                                                                                                                       before randomisation 

21PRACTICAL  (MRINZ)               inhaled when required                               307/448 (69%)                        52                                            excluded)

15QUEST  (Sanofi-                       Placebo subcutaneous 
Regeneron)                                injections (all volumes)                              634/638 (99%)                        52                                             Low

40STRATOS 1, STRATOS 2           Placebo subcutaneous 
(AstraZeneca)                            injections (all schedules)                           801/828 (97%)                        52                                             Low                  

Table 1

Summary of 19 reports of the 23 identified trials meeting inclusion criteria

Data are n/N (%). A more detailed summary is provided in the appendix (pp 63–67). MRINZ=Medical Research Institute of New Zealand
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Table 2: Baseline characteristics of the control groups of 22 asthma randomised controlled trials

                                                                                                                                                       Total (N=6513)

                                                                             

Demographics

Age, years                                                                                                                                     50 (39–59), n=6510
            
                                                             Sex

                                                                                                                Female                          4140/6510 (64%)
                                                                                                                Male                              2370/6510 (36%)

2
BMI, kg/m                                                                                                                                    27·0 (24·5–32·3), n=3774

History of smoking                                                                                                                     1199/6396 (19%)

Ethnicity or race

                                                             Asian                                                                                502/4781 (10%)
                                                             Black or African American                                            267/4781 (6%)
                                                             Other or multiple                                                          187/4781 (4%)
                                                            White                                                                                3825/4781 (80%)

Region

Asia                                                                                                                                                344/3909 (9%)
Europe                                                                                                                                          1475/3909 (38%)
North America                                                                                                                             1244/3909 (32%)
Oceania                                                                                                                                        520/3909 (13%)
South Africa                                                                                                                                 88/3909 (2%)
South America                                                                                                                             238/3909 (6%)

Patient-reported comorbidities

Airborne allergen sensitisation                                                                                                1721/2940 (59%)
Eczema                                                                                                                                          330/3184 (10%)
Allergic rhinitis                                                                                                                            2501/5172 (48%)
Chronic rhinosinusitis without nasal polypsosis                                                                    439/4141 (11%)
Chronic rhinosinusitis with nasal polypsosis                                                                          598/4161 (14%)
Psychiatric disease                                                                                                                      420/3300 (13%)

Baseline asthma medication

Treatment step
                                                            Step 1                                                                                226/6513 (3%)
                                                            Step 2                                                                                315/6513 (5%)
                                                            Step 3                                                                                859/6513 (13%)
                                                            Step 4                                                                                2555/6513 (39%)
                                                            Step 5                                                                                2558/6513 (39%)
On maintenance oral corticosteroids                                                                                      261/5417 (5%)

Asthma symptoms and history

Asthma Control Questionnaire-5 score                                                                                  2·4 (1·8–3·0)

                                                            ≥1·5                                                     5126/6055 (85%)

                                       <1·5                                                    929/6055 (15%)

Severe exacerbation in past 12 months

                                       Yes                                                      5120/6400 (80%)

                                       No                                                      1280/6400 (20%)

Previous intensive care unit admission or intubation                              134/2545 (5%)

Lung function

FEV  percentage predicted                                                               63·9% (52·9–73·0), n=59481

FEV /FVC ratio                                                                               64·2% (56·0–72·3), n=59481

Percentage reversibility of FEV                                                         17·0% (10·0–27·7), n=46541  

Biomarkers

9Blood eosinophil count, ×10  cells per L                                              0·250 (0·140–0·420), n=6433

Fractional exhaled nitric oxide, parts per billion                                    23 (14–42), n=5981

Total IgE, ng/mL                                                                            171 (64–434), n=5889

Follow-up in trial

Follow-up duration*, days                                                                363 (251–365)

Total number of follow-up years in trial                                              5482

Total number of severe exacerbations in trial                                        4615

≥1 severe exacerbations                                                                  2268/6513 (35%)

 

                                                 
Data are median (IQR), n, or n/N (%), unless otherwise specified. Full baseline characteristics are reported in the 
appendix (pp 68–76). The numbers of patients with available data are shown. FVC=forced vital capacity.

* Follow-up duration refers to the entire time participants were monitored under control group therapy.

reporting and over-representation 
of adherent patients), and serum 
IgE (high certainty).

When comparing the univariable 
and multivariable analyses, we 
observed that FEV  postbroncho- 1

dilator reversibility (per 10% increase) 
had a stronger negative prognostic 
value, since the RR decreased from 
0·98 (95% CI 0·95–1·01) in the 
univariable analysis to 0·93 (0·90–0·96) 
in the multivariable analysis.

Sensitivity analyses excluding 
open-label trials (Novel START [n=218] 
and PRACTICAL [n=307]) and  
excluding trials with some risk of 
bias (LUTE [n=66] and VERSE [n=50]) 
showed similar results (appendix 
pp 39–40). A post-hoc fully adjusted 
multivariable model (appendix p 
41) showed similar prognostic 
effects to the main analysis.

We observed synergistic effects 
between blood eosinophil count 
and FeNO (p =0·045), as interaction

evidenced by the dissociating 
spline curves in figure 3A. High 
type 2 inflammatory burden was 
prevalent in the study population 
(figure 3B), an observation also 
found in the subset of RCTs not 
selecting patients according to 
biomarkers (appendix p 42). Synergy 
and high prevalence were also 
seen in categorical analyses, as the 

18
prespecified  combined elevation 
of a blood eosinophil count of 

9
0·30 × 10  cells per L or higher and 
FeNO 50 parts per billion or higher 
was associated with nearly double 
the RR compared with a blood 

9eosinophil count of less than 0·15 × 10  
cells per L and a FeNO less than 25 
parts per billion (RR 1·47 [95% CI 
1·30–1·66] vs 0·76 [0·68–0·86]; 
appendix pp 88–89). However, FEV  1

postbronchodilator reversibility 
showed a non-linear relationship 
with future severe asthma attacks 
(figure 3C). Notably, the common 
12% reversibility (figure 3D) was 
associated with some of the lowest 
adjusted attack rates, whereas risk 
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Figure 2 Forest plots of the associations between baseline characteristics and number of severe asthma attacks during follow-up

Rate ratios correspond to the univariable (model one) and multivariable (model two) models. Model one was adjusted for enrolled trial as a factor and follow-up 
duration as an offset variable. Model two was also adjusted for asthma attack in the past year (yes vs no), asthma severity (treatment step 1–5), FEV  1

prebronchodilator, ACQ-5 symptom score, blood eosinophil count, and FeNO. Asthma attacks were defined as acute asthma episodes requiring at least 3 days of s
ystemic corticosteroids. ACQ-5=5-item Asthma Control Questionnaire. FeNO=fractional exhaled nitric oxide. FVC=forced vital capacity. *Per 10-fold increase. 
†Dichotomous variable (yes vs no). ‡Patient reported.

the risk of asthma attacks. The 
incremental relative risk associated 
with these biomarkers and key 
clinical prognostic factors implies 
that the absolute risk due to type 2 
inflammation is greater in patients 
with additional clinical prognostic 
factors. Specifically, 10-fold increases 
in baseline blood eosinophil count 
and FeNO were each associated 
with a 1·4-fold higher risk of a severe 
asthma attack. Such substantial 
changes in these measurements 
reflect those that can occur with 
the initiation or discontinuation of 
an anti-inflammatory treatment. 
14–16,30,42

 These prognostic effects 
were greater than those associated 

was higher with reversibility greater 
than 25%. A sensitivity analysis 
excluding the 11 RCTs that required 
postbronchodilator reversibility at 
baseline (removing 4269 [66%] of 

12,15,16,32,34,36,406513 participants)  and 
evaluating the prognostic value by 
FEV % categories prebronchodilator 1

and postbronchodilator, supported 
the overall negative prognostic effect 
of reversibility (appendix pp 43, 
90). Reversibility was distributed 
similarly across asthma severities 
(appendix p 44).

The C-statistic for identification 
of a trial versus other trials ranged 
from 0·58 to 0·95 (appendix p 72), 
indicating major differences in patient 

and disease characteristics between 
studies. In the univariable meta-
analysis per trial, we found substantial 
heterogeneity in associations between 
studies, with I2 statistics ranging 
from 0·56 to 0·97 (appendix p 15–35).

In this large, IPD meta-analysis of 
control groups from RCTs across 
various clinical contexts, countries, 
and inclusion criteria, we showed 
that two biomarkers of type 2 
airway inflammation—blood 
eosinophils and FeNO—provide 
valuable and synergistic incremental 
prognostic information regarding 

Discussion
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Figure 3 Relationships between baseline blood eosinophil count per FeNO group and FEV  postbronchodilator reversibility 1

and the estimated annualised severe asthma attack rate, with density plots

9(A) Spline plot of the relationship between blood eosinophil count (×10  cells per L) and the estimated annualised severe asthma 
attack rate,per group of baseline FeNO value. (B) Spline plot of the relationship between FEV  postbronchodilator reversibility (%) 1

and the estimated annualised severe asthma attack rate. The y-axis has a different scaling in B than the scaling for the severe asthma 
attack rate in A. (C) Probability density of baseline blood eosinophil count observations per group of baseline FeNO value in the 
imputed datasets. (D) Probability density of baseline FEV  postbronchodilator reversibility observations in the imputed datasets. 1

Density plots show the distribution of a continuous variable, with the area under the curve representing the likelihood of different 
values occurring. Higher peaks  indicate more frequent values, with the total area representing all values. FeNO=fractional exhaled 
nitric oxide.

with minimal clinically important 
differences in baseline FEV  and 1

ACQ-5. By contrast, after adjusting 
for type 2 biomarkers, moderate 
bronchodilator reversibility was 
associated with reduced risk of future 
asthma attacks.

The combination of blood 
eosinophils and FeNO might be 
more useful than either biomarker 
alone, since each reflects distinct 
components and compartments 
of the type 2 immune response in 
asthma. Blood eosinophil counts 
reflect circulating IL-5 and the 
systemic pool of available effector 
cells, whereas FeNO is an IL-13-
mediated biomarker also reflecting 
type 2 cytokine, chemokine, and 
alarmin signalling in the airway 

9
compartment.  Accordingly, eleva- 
tions of both of these biomarkers 
are likely to be associated with 
migration of eosinophils to the 
bronchi and the development of 
airway pathology associated with 
asthma attacks, including abnormal 
mucus production, airway wall 
thickening, and increased bronchial 

5,9,43motor tone.  We previously found 
that patients with persistently 
elevated FeNO and blood eosinophil 
count had corticosteroid-resistant 
type 2 inflammation and refractory 
asthma despite adequate inhaled 

42
corticosteroid therapy.  Moreover, 
airway mucus plugging in people 
with asthma has been linked to 
eosinophilia and greater airflow 

43
obstruction.  Thus, raised type 2 

biomarkers have substantial 
incremental utility to identify patients 
at risk. This finding is important as 
these measurements are known to 
identify patients who benefit most 

7,12–17from anti-inflammatory therapies.
Our analyses focused on type 2 

biomarkers while adjusting for 
clinical prognostic factors that are 

1generally acknowledged as important.  
By quantifying the multivariable 
prognostic values for inflammatory 
and clinical covariates, we found 
that the strongest increases in risk 
were associated with asthma 
attack history and treatment step 
(reflecting increased therapeutic 
intensity of asthma). Although these 
two cardinal variables are robust to 
identify patients at risk, they do 

Clinical Health Volume 21 May/June Issue, 2025                                              34



not reveal targetable mechanisms 
on the individual level. Similarly, 
other identified prognostic factors, 
such as symptoms and impaired 
lung function, can be modified 
independently of an effect on asthma 
attacks. Our results support the 
incremental value of biomarkers 
to improve risk stratification. 
Notably, the combination of blood 
eosinophils and FeNO was not part of 
clinical prediction models identified 
in a systematic review published in 

25
2018.  Surprisingly, bronchodilator 
reversibility, a common diagnostic 
tool and inclusion criterion for asthma 
trials, was associated with a reduced 
risk of asthma attacks. Overall, these 
findings have important implications 
for clinical practice as they highlight 
the shortcomings of relying on 
symptoms, lung function, and 
bronchodilator reversibility to 
identify patients at high risk and 
make individualised treatment 

1,5,44
decisions.  Acknowledging that 
asthma attack history and disease 
severity had the greatest prognostic 
effects, further analyses can focus 
on understanding the interactions 
between type 2 inflammation and 
other clinical predictors in the 
dataset.

A notable strength of this meta-
analysis compared with other 
prognostic studies in airway disease 
is the collaboration of academic, 
public, and pharmaceutical data 
providers, allowing efficient use of 
high-quality RCT IPD. Our study of 
the control groups of RCTs contrasts 
with previous prognostic analyses 
involving blood eosinophils and 
FeNO that were conducted in real-
world settings or clinical trials in 
which background treatment 

45fluctuated.  The advantage of RCT 
data is that baseline prognostic 
factors and outcomes are assessed 
prospectively, with high confidence 
in diagnostic accuracy, treatment 
adherence, and stability. Further 
more, we adjusted our analyses for 

the heterogeneity observed between 
RCTs, improving the applicability of 
our findings across various clinical 
contexts, countries, and patient 
characteristics. In effect, the 
prognostic values we report in 
ORACLE2 are robust prospective 
estimates for a status quo scenario 
(ie, if treatment is unchanged 
following a clinical encounter).

We acknowledge that our 
study has limitations. First, our 
dataset comprised selected RCT 
populations that had lower asthma 
attacks rates than expected due to 
regression to the mean and a 
placebo response. Nonetheless, 
we believe RCTs are a key high-
quality source of evidence for 
prognostic factors because their 
control groups provide long-term 
clinical observation under stable 
background treatment. Second, 
we identified discrepancies between 
definitions of some variables in the 
included RCTs. These discrepancies 
improve the generalisability of the 
results as the prognostic effects 
remained consistent despite variations 
in study definitions. In keeping with 

23best practices,  we have disclosed 
our data dictionary, extraction code, 
and analytical code to ensure 
transparency and reproducibility 
of our study. Nevertheless, we 
acknowledge that patient-reported 
comorbidities, such as eczema, allergic 
rhinitis, airborne allergic sensitisation, 
and chronic rhinosinusitis with or 
without nasal polyposis, were 
unverified and inconsistently reported. 
46

 Accordingly, we downgraded the 
certainty of evidence for those 
characteristics' prognostic effects. 
Third, the IPD meta-analysis included 
studies published up to April 1, 
2021, which were identified 
through MEDLINE only. We were 
constrained in our ability to expand 
or update the systematic review 
after protocol development due to 
contracting requirements and 
practicalities. Fourth, we were unable 

to conduct analyses on social 
determinants of health, such as race, 
ethnicity, or socioeconomic status, 
due to the absence of standardisation 
for race and ethnicity across trials 
and the absence of data for 

1socioeconomic status.  Fifth, we 
quantified the risk attributable to 
type 2 inflammation using metrics 
adapted to the log-normal data 
distribution, and to maximise 
therapeutic relevance, we used 10-
fold changes for the biomarkers to 
mirror the effects of initiation or 
discontinuation of an antiinflamma-

14–16,30,42
tory treatment  and we 
estimated prognostic effects for 
absolute biomarker differences for 

18
pre-specified categories,  inter- 

41quartile cutpoints,  and 2-fold 
changes. Finally, studies differed in 
patient profile and design. Although 
we included the full range of 
asthma severities, most patients 
had moderate-to-severe asthma, 
potentially due to the predefined 
exclusion of trials not measuring 
both blood eosinophils and FeNO. 
Notably, studies applied different 
control group formulations and 
schedules. Importantly, despite 
between-study differences in the 
selection of patients, intervention, 
and exact definitions of covariates, 
the prognostic effects were largely 
consistent across studies.

Our findings have substantial 
clinical implications. First, high-quality 
control group RCT IPD analyses show 
that inflammatory and clinical risk 
stratification should be combined 
to estimate risk on an individual 
basis. Second, our observation that 
blood eosinophil count and FeNO 
are synergistic prognostic factors 
in the context of the status quo 
scenario of RCT control groups (ie, 
no change in background therapy 
following assessment) has substantial 
implications for future risk prediction 

18
modelling.  Indeed, one approach 
to targeted risk reduction is to 
conjugate risk stratification with 
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mechanistic targeting (ie, to focus 
on prognostic factors that also 
predict benefits from specific 

47
preventive treatment).  This approach 
has been successful in cardiovascular 

4
disease,  in which the focus is on 
the effect of modifiable factors, such 
as blood pressure and cholesterol, 
on top of unmodifiable risk factors, 
such as age and sex. Just as meta-
regression studies have shown 
that statin therapies target the 
modifiable risk of heart attacks in a 
biomarker-dependent way,48 the 
high asthma attack risk for people 
with type 2-high asthma in our 
dataset probably reflects the 
magnitude of the treatment 
opportunity. Specifically, we observed 
a higher annualised asthma attack 
rate for patients with high biomarkers 
than for those with low biomarkers, 
mirroring the previously reported 
treatment effect of higher-dose 
inhaled corticosteroids or biologics 

7in biomarker-high asthma.  These 
findings support the development 
of a framework analogous to that 
used in cardiovascular medicine to 
predict and prevent asthma 

47
attacks on an individual basis.

In conclusion, blood eosinophil 
count, FeNO, asthma attack history, 
disease severity, lower lung function, 
and symptoms (ACQ-5 score) are 
key predictors of asthma attacks 
when treatment is unchanged. 
Importantly, high blood eosinophils 
and high FeNO together are 
associated with a greater risk than 
either factor alone, each highlighting 

12–17,49specific treatment opportunities.  
Moderate FEV  postbronchodilator 1

reversibility is associated with 
reduced risk of future asthma 
attacks. These findings underscore 
the importance of comprehensive 
risk stratification of people with 
asthma. Future prediction models 
using the ORACLE2 dataset could 
be centred on biomarkers for more 
individualised clinical decision making.
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Abstract

Background

TSH is the first-line test of thyroid 
function, and the normal TSH 
references provided by manufacturers 
are generally used in diagnoses. In 
the age of gender medicine, however, 
there is a need to refine normal 
TSH ranges.

Aim
The aim of this study was to 
construct a normal TSH range in 
women living in our district. The data 
were collected in a secondary-level 
centre located in Savona (Liguria, 
Italy).

Methods
From 2003 to 2022, 6227 medical 
records from women undergoing their 
first endocrinological examination 
were anonymously evaluated. 
After the application of exclusion 
criteria, statistical analysis was 
anonymously performed on a 
sample of 2597 medical records.

Results
The pooled median 2.5th and 
97.5th percentiles of TSH provided 
by manufacturers were 0.20 mIU/l 

and 5.64 mIU/l, respectively. In the 
study population, median (2.5th 
-  97.5th percentiles) TSH was 1.70 
mIU/l (0.37–6.95 mIU/l). TSH and 
patient age did not vary significantly 
over the years (2003–2022). A slight 
negative correlation was found 
between TSH and age (P = 0.05). 
On stratifying the sample into 
three age-groups (18–44 years, 

N = 1200; 45–64 years N = 934; ≥
65 years, N = 463), TSH was 1.75 
mIU/l (0.49–5.94 mIU/l), 1.70 mIU/l 
(0.30–6.89 mIU/l) and 1.64 mIU/l 
(0.30–7.69 mIU/l), respectively. When 
TSH was evaluated according to 
the age-related range instead of 
the pooled range reported by 
manufacturers, the number of women 
aged 18–44 years considered to 
have sub-clinical hyperthyroidism 
increased slightly (P = 0.02) and 
the number of women in the 45-

64-year and ≥65-year age-groups 
considered to have sub-clinical 
hypothyroidism decreased signifi- 
cantly (P = 0.05 and P < 0.001).

Conclusions
This is the first study in Liguria 
aimed at establishing new age-
specific reference values for TSH in 
women. Based on a large number 
of data, this new age-related range 

could be more extensively employed 
in order to improve diagnosis. The 
main result of implementing age-
related normal TSH levels between 
the 2.5th and 97.5th percentiles 
seems to be both a slight increase 
in 18-44-year-old women and a 
significant reduction in > 45-year-
old women in whom sub-clinical 
hyperthyroidism or hypothyroidism, 
respectively, should be promptly 
treated.

Thyroid stimulating hormone (TSH) 
is the key indicator of thyroid 
function. Several factors can affect 
TSH in adults (heredity, ethnicity, 
iodine status, body weight, smoking 
status, concomitant diseases, drugs, 
autoimmunity, time of sampling, 

1sex and age) . Available assay 
methods and reference ranges 
influence TSH evaluation. The 
American Thyroid Association, in 
its centennial article, reports 
technical advances in laboratory 
thyroid tests in the last seven 
decades, with the third-generation 
TSH assay being available on most 

2automated instrument platforms . 
Moreover, despite improvements 
in functional sensitivity and the 

Introduction
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use the same standard, TSH assays 
differ in their specificity, and the 
manufacturers’ reference ranges are 

2
somewhat different . In addition, 
inter-method differences, TSH 
isoforms or TSH antibodies and 
several sources of interference in 
assays can contribute to diagnostic 

1, 2errors .
Normal TSH ranges provided 

by manufacturers do not consider 
possible gender and age differences, 
except for the occasional specification 
of trimester-specific TSH ranges in 
pregnancy. Current guidelines on 
laboratory medicine recommend that 
each clinical analysis laboratory 
should establish its own reference 
intervals according to the characte- 
ristics of the local population. 
Reference limits can be obtained 
from strictly healthy individuals 
(direct method), with a minimum 
of 120 reference individuals being 
required in order to determine the 
reference interval of an analyte; this 
would represent approximately 
95% of the values found in the 

3
given population . In routine 
practice, however, the direct method 

4,5
is hard to apply in every laboratory . 
The alternative approach is indirect. 
This method involves analyzing a 
large “healthy subpopulation”, the 
hypothesis being that probably 
more than 80% of samples stored 
in laboratory information systems 
are negative for thyroid disease 
and include some pre-selected 

6,7criteria . Societies of laboratory 
medicine encourage this method 
in order to establish and verify TSH 

6reference intervals . The TSH range 
obtained from a sub-population 
study involving “non-diseased 
reference individuals” can be used 
by endocrinologists as a threshold, 
below or above which therapeutic 

7action is recommended .
Establishing a normal reference 

TSH range is critical in diagnosing 
subclinical thyroid disorders 
accurately. However, there is 

currently no consensus regarding 
the optimal serum TSH level at 
which to initiate levothyroxine (L-T4) 
treatment in individuals diagnosed 
with subclinical hypothyroidism, 

7,8
particularly in the elderly . On the 
other hand, the evidence of 
benefit of anti-thyroidal treatment 
in subclinical hyperthyroidism 

8, 9
remains unclear .

Indirect reference intervals have 
recently been calculated on very 
large populations in north-eastern 

10,11,12Italy . The percentile normalization 
applied to TSH results obtained 
from 7 laboratories and 3 different 
immunoassays indicated similar TSH 
ranges in both males (0.40–4.62 
mIU/l) and females (0.49–4.96 
mIU/l) with a significant difference 
across age (e.g. lower 2.5th percentiles 
and higher 97.5th percentiles in 

11
subjects over 70 years of age) . 
The authors emphasized the 
appropriateness of defining TSH 
reference intervals according to 
age, gender and ethnicity, but did 
not state whether refining the TSH 
range according to age and sex 
changed the rate of diagnoses of 
subclinical thyroid dysfunction in 
comparison with the normal 

10
laboratory range . To our knowledge, 
no indirect methods have been 
used to define the normal TSH 
range in north-western Italy.

In the era of precision medicine, 
there seems to be a need to refine 
the normal range of TSH in real-
world practice. The present study 
covers the last 20 years of TSH 
measurement with new-generation 
immunoassays in the district of 
Savona and neighboring districts 
in Liguria and southern Piedmont 
(north-western Italy). A large study 
population of women - constituting 
the vast majority of subjects under-
going endocrinological investigation  
was evaluated in order to determine 
local age-related normal TSH ranges 
(main outcome). A secondary 
objective was to reduce the over-

diagnosis and over-treatment of 
sub-clinical thyroid dysfunction, 
which are expected to occur on a 
global scale.

Subjects

This cross-sectional retrospective 
single-center study was conducted 
at the Endocrine Unit of Priamar 
Clinical Diagnostic Center, a private 
secondary-level out-patient center 
located in the Savona district (Liguria, 
Italy). Endocrinological examination 
was mostly requested by general 
practitioners or other specialists, 
and sometimes directly by the 
patient. Examination was requested 
mainly for thyroid, metabolic and 
pituitary-gonadal or adrenal health 
problems, or endocrinological 
screening. All records collected from 
2003 to 2022 were individually 
reviewed to ensure that the women 
met our inclusion criteria. We 
identified records of adult women 
who had undergone their first 
endocrinological examination. In this 
period of time, 6227 medical records 
were retrieved and anonymously 
evaluated. Initial exclusion criteria 
were: lack of baseline data 
(incomplete records), age < 18 
years, pregnancy, non-Caucasian 
ethnicity and other reasons. Age, 
body mass index (BMI), thyroid 
stimulating hormone (TSH), thyroid 
peroxidase antibodies (TPOAb), 
pharmacological treatments and 
thyroid ultrasonography (US) findings 
were then collected. Figure 1 shows 
the flow diagram of medical records 
of patients undergoing their first 
endocrinological examination from 
2003 to 2022. After preliminary 
evaluation, 19.5% (n = 1214) of 
records were excluded (Fig. 1). Other 
reasons for exclusion were: 
impossibility (n = 19) or refusal (n = 8) 
of physical examination, male-to-
female transgender (n = 6), only 

Materials and methods
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video consultation (n = 5), medical-
legal reasons (n = 4). Subsequently, 
2416 records were excluded owing 
to interfering treatments (58.9%; 
manly L-T4 administration), and 
TPOAb positivity with hypoechoic 
thyroid texture on US (26.5%) or the 
presence of overt thyroid diseases 
(14.6%; thyrotoxicosis n = 216, 
overt hypothyroidism n = 95, sub-
acute thyroiditis n = 36, or post-
partum thyroiditis n = 5). The final 
study sample comprised 2597 
records of subjects undergoing their 
first endocrinological examination 
at the Priamar Center (Fig. 1; for 
details, see Supplementary material 
1). The average age of the study 
population at the time of the first 
endocrinological examination was 
47.0 ± 16.9 years (± SD; range 
18–90 years).

From the medical records, the 
following data were anonymously 
transferred to Excel files: chronological 
age (years), district of residence, 
reported reason for examination, 
pharmacological anamnesis, smoking 
habits (non-smoker, previous or 
current smoking), body weight 
and height for BMI evaluation, 
judgement of thyroid echotexture 
on on-site US examination, and 
thyroid data (f-T4, TSH, TPOAb) 
close to examination. One excel 
worksheet was filled in for each 
year from 2003 to 2022. Owing to 
the retrospective nature of the 
study, some clinical data were 
missing, but records were excluded 
from analysis only according to 
exclusion criteria; however, missing 
TPOAb data did not exclude 
records when thyroid US data were 
available. Data were retrieved from 
the database from June 2023 to 
March 2024. Data from the study 
population were subsequently 
divided arbitrarily into three age-
groups: 18–44 years (n = 1200), 

Data collection

Flowchart of the study. Subjects with TPO-Ab isolated positivity and negative US finding 
were excluded because longitudinal evaluation was not the objective of the study and 
therefore evolution in sub-clinical autoimmune thyroid cannot be excluded

Fig. 1

Fig. 2

Median, 2.5th percentile, and 97.5th percentile of lower normal and upper normal TSH 
ranges, as indicated by manufacturers. The numbers at the top indicate the laboratories 
involved each year

Fig. 3

Median, 2.5th percentile, and 97.5th percentile of TSH (upper panel) and age (lower 
panel) in the study population. The numbers at the top indicate the yearly numbers 
of women evaluated
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2.5th percentile (upper panel) and 97.5th percentile (lower panel) of TSH observed 
in the three age-groups of the study population

Fig. 445–64 years (n = 934) and ≥65 years 
(n = 463).

The primary objective was to 
obtain a local TSH range from a 
large group of women in whom 
“healthy thyroid status” had been 
well defined during clinical and 
laboratory endocrinological  
examination. According to the 
experimental 2.5th and 97.5th 
percentiles of TSH, the secondary 
objective was to obtain the current 
local TSH range whereby sub-
clinical thyroid dysfunctions were 
diagnosed. A further objective was 
to compare the percentage of sub-
clinical thyroid dysfunction evaluated 
according to TSH obtained from 
our study population with those 
from the pooled (2003–2022) TSH 
ranges provided by manufacturers.

Body mass index (BMI) was 
calculated on the basis of the 
weight (kg) and height (m) reported 
in medical files, according to the 

2
following formula: kg/m . Smoking 
habits were investigated by 
applying a binary method (non-
smoker = 0; former or current 
smoker = 1). All US examinations 
were performed by the same 
experienced endocrinologist (MG) 
using several machines (Esaote, 
General Electrics, Fukuda Denshi), 
all equipped with linear probes 
working at 7.5–15 MHz. Data on 
normal thyroid volume are available 
for women in our district [median 
8.0 ml (IQR 6.7–9.8 ml; range 

133.2–19.8 ml] . Iodine status in the 
population of our districts has 

14recently been deemed sufficient .

All diagnostic and laboratory tests 
were performed as part of routine 

Objectives

Methods

Assays

(endocrinological) clinical care. 
Several commercial methods were 
used for f-T4 and TPOAb evaluations 
during the study period. Judgments 
of low/high f-T4 values, or 
negative/positive TPOAb values 
were assigned according to the 
normal range reported by the 
manufacturers. In the district of 
Savona, two public laboratories 
(Santa Corona Hospital, Pietra 
Ligure and Azienda Sanitaria Locale 
5 Savonese) and six accredited 
private laboratories were available 
for TSH assays in the study period. 
In this period, our center also carried 
out endocrinological examinations 
on subjects living in the neighboring 
districts of Liguria (Imperia and 
Genoa districts) and in an area of 
South Piedmont, from which 
Savona is easier to reach. A few 
TSH data came from the University 
of Pisa in the adjacent region of 
Tuscany. Overall, TSH data were 
obtained from 14 public and 26 

private centers (for details, see 
Supplementary material 2). In these 
laboratories, the TSH range in 
adults is often not broken down by 
age or sex. Since 1999, the third-
generation TSH assay has been used 
in all centers. All TSH calibration 
curves were calibrated against World 
Health Organization International 
Reference Preparation standards 
(WHO IR 80/558, WHO IR 81/565).

Chemiluminescence micro- 
particle immunoassay (CMIA), 
chemiluminescent immunoassay 
(CLIA), electrochemiluminescence 
immunoassay (ECLIA), and enzyme-
linked fluorescent assay (ELFA) were 
the automated methods used for 
TSH assay. Manufacturers’ TSH ranges 
were: CMIA: 0.35–4.5 mIU/l (ADVIA 
Centaur, Bayer), 0.45–5.3 mIU/l 
(Access TSH 3rd, Beckman Coulter 
Diagnostics); CLIA 0.20–3.30 miU/l 
(Liaison, DiaSorin), 0.30–3.74 mIU/l 
(Dimension VISTA, Simens), 0.35– 
4.94 mIU/l (Architect System, Abbot 
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Diagnostics), 0.40-4.0 mIU/l (Imulite, 
DPC), 0.46–4.68 mIU/l (Vitros, 
Ortho Clinical Diagnostics), 0.55–4.78 
mIU/l (LOCI, Simens Healthcare 
Diagnostics); ECLIA 0.27–4.7 mIU/l 
(Elecsys Cobas, Roche Diagnostics); 
ELFA 0.25-5.00 mIU/l (Vidas, 
BioMerieux). According to the 
manufacturers, the functional 
sensitivity of the TSH assays 
ranged from 0.004 to 0.07 mIU/l 
(median: 0.01 mIU/l).

Statistical analysis was performed 
on a sample of 2597 medical records 
(study population; Fig. 1). GraphPad 
10 software (GraphPad, San Diego, 
CA, USA) was used. Data are reported 
as mean ± standard deviation (SD), 
median, IQR, range, and 2.5th -  97.5th 
percentiles. For statistical purposes, 
the functional sensitivity was set 
to 0.01 mIU/l, and TSH values below 
0.01 mIU/l were reported as 0.01 

mIU/l. Values ≤0.01 mIU/l or ≥10 
mIU/l were generally excluded, as 
these are considered to be in the 
clinical hyperthyroid and hypothyroid 
range, respectively. The absence of 
normality in TSH levels was tested 
by means of the Kolmogorov-Smirnov 
test. To compare continuous data, 
the Kruskal-Wallis non-parametric 
analysis of variance was used. 
Percentages were compared by 
means of Fisher’s exact test. 
Correlations were evaluated by means 
of Spearman test. Significance was 

set at P ≤0.05.

The study was approved by the 
Priamar Center’s institutional 
board, and a waiver of informed 
consent was granted because the 
research involved no risk to 
patients. Before their examination 
at the Priamar Clinical Diagnostic 
Center, all patients had provided 
written informed consent to the 

Statistical analysis

Ethical approval

management of data collected 
from their medical files and had 
agreed to their use for scientific 
purposes. Owing to the retrospective 
nature of collection of clinical and 
hormonal data, no further formal 
approval from the Liguria Ethics 
Committee was required. Data 
were managed anonymously. Data 
collection and subsequent analysis 
were performed in compliance 
with the Helsinki Declaration.

In the study period (2003–2022) 
TSH was evaluated by means of 
various commercial assays. Normality 
of TSH was determined according 
to the ranges provided by the 
manufacturers. Figure 2 illustrates 
the yearly median and range of TSH 
obtained by pooling the available 
data from the manufacturers. On 
non-parametric analysis of variance, 
no significant differences were noted 
among lower (P = 0.29) or upper 
(P = 0.78) normal TSH values from 
2003 to 2022 (Fig. 2). On pooling all 
normal values (n = 296) available 
from our laboratories between 2003 
and 2022, the median lower normal 
limit of TSH was 0.35 mIU/l (IQR 
0.27–0.40 mIU/l; range 0.18–0.60 
mIU/) and the median upper normal 
limit of TSH was 4.50 mIU/l (IQR 
4.00–5.00 mIU/l range 3.00–6.00 
mIU/l). The 2.5th percentile of the 
TSH range was 0.20 mIU/l, while 
the 97.5th percentile of the TSH 
range was 5.64 mIU/l. If f-T4 values 
were normal, TSH values < 0.20 mIU/l 
and > 5.64 mIU/l were deemed 
diagnostic of sub-clinical hyper- 
thyroidism and sub-clinical hypo- 
thyroidism, respectively.

The mean age of the whole 
population was 47.0 years (± 16.9 
years; SD; age range 18–90 years). 
Figure 3 shows TSH levels and age 
in the 2597 records from 2003 to 
2022. On analyse of variance, no 
significant differences among the 

Results

years were observed in either TSH 
(P = 0.38) or age (P = 0.06) values. 
The yearly number of evaluable 
records ranged from 91 to 164 in 
the study period. Fewer than 100 
evaluable records were retrieved 
in 2004, as the medical clinic in the 
Savona district moved its premises, 
and in 2020, owing to the COVID-
19 pandemic. The median TSH was 
1.70 mIU/l (IQR 1.20–1.75 mIU/l; 
range 0.02–15.62 mIU/l; 2.5th 
percentile 0.37 mIU/l, 97.5th 
percentile 6.95 mIU/l). No correlation 
was noted between TSH values and 
smoking status (n = 1552; Sr -0.02, 
P = 0.90) or BMI (n = 2579; Sr 0.03 
P = 0.19), while a slightly significant 
negative correlation was found 
between TSH and age (n = 2579; Sr 
-0.04 P = 0.05).

The study population was 
stratified according to age: 1200 
subjects were aged 18–44 years 
(mean [± SD] 31.7 ± 8.0 years), 934 
were aged 45–64 years (mean [± SD] 

54.2 ± 5.7 years) and 463 were aged ≥
65 years (mean [± SD] 72.1 ± 5.5 years). 
The median TSH values were: 1.75 
mIU/l (IQR 1.30-15.32 mIU/l; 2.5th 
percentile 0.49 mIU/l, 97.5th 
percentile 5.94 mIU/l) in the 18-
44-year age-group; 1.70 mIU/l (IQR 
1.11–2.80 mIU/l; 2.5th percentile 
0.30 mIU/l, 97.5th percentile 6.89 
mIU/l) in the 45-64-year age-group, 
and 1.64 mIU/l (IQR 0.97–2.96 mIU/l; 
2.5th percentile 0.30 mIU/l, 97.5th 

percentile 7.69 mIU/l) in the ≥65-
year age-group. No significant 
differences in TSH levels among 
the three age-groups emerged on 
analysis of variance (P = 0.18). Figure 
4 shows the 2.5th and the 97.5th 
percentiles observed in the three 
age-groups. The 2.5th percentile of 
TSH decreased from the first to the 
second age-group, and then 
remained stable thereafter, while a 
progressively increasing trend in 
the 97.5th percentile of TSH was 
found across the age-groups (Fig. 
4). Table 1 compares the number 
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and percentages of subjects with 
TSH values outside the 2.5th 
-  97.5th percentiles according to 
the manufacturers’ ranges and 
data from our study group. In the 
18-44-year age-group there were 
significantly more subjects (n = 27) 
with TSH < 2.5th percentile than 
that (n = 12) obtained from the 
manufacturers’ data (P = 0.02). By 
contrast, significantly fewer subjects 

aged 45–64 years (n = 24) or aged ≥
65 years (n = 12) had TSH > 95.5th 
percentile than the number (45–65 
year group: n = 48, P = 0.005; >65 
years group: n = 47, P < 0.0001) 
obtained from the manufacturers’ 
data (Table 1).

The diagnosis and management of 
thyroid dysfunction focus primarily 
on the measurement of TSH as the 
most sensitive and specific marker 

7, 9
of thyroid status . The population 
reference range for “normal” TSH 
is defined as containing 95% of a 
“normal” population - subjects who 
are believed to be free of conditions 
that could influence TSH levels, with 
2.5% of subjects below (i.e. <2.5th 
percentile) and 2.5% of subjects 
above (i.e. >97.5th percentile) the 

1,15
range . Reference ranges may be 
device-, laboratory- and population-
specific. Moreover, several other 
factors (gender, age, BMI, smoking, 
a u t o i m m u n i t y,  i n t e r fe r i n g  
substances) can influence TSH 
levels. Consequently, “normal” or 
“abnormal” TSH levels should be 
determined according to reference 
ranges from local populations and 

4,8,10,11, 15,16,17,18
laboratories .

In order to establish reference 
ranges of TSH, several studies have 

3,17,19utilized various direct  and 
5,10,20,21indirect  methods in normal 

adult populations involving from 
hundreds to thousands of individuals. 
In real-world practice, however, 
laboratories generally apply the 

Discussion

Table 1 Number of subjects (% in brackets) with TSH outside the normal range (< 2.5th percentile or > 97.5th 
percentile) according to the present study (age-group 18–44 years n = 1200, age-group 45–64 years n = 934, 

≥65 years n = 463) and according to manufacturer references. Significance values of present study vs. 
manufacturer references are: (a) P < 0.001, (b) P = 0.005, (c) P = 0.02, (d) P = 0.09, (e) P = 0.11, (f) P = 0.29

Age-group
Subjects with 
TSH < 2.5th percentile

Subjects with
TSH > 97.5th percentile

                                                                            18–44 years                   n = 1200
Manufacture’s intervals                                                                          12 (1.0%)                                 42 (3.5%)
Study population intervals                                                                      27 (2.3%) c                             28 (2.3%) e
                                                                            45–64 years                   n = 934
Manufacture’s intervals                                                                          13 (1.4%%                               48 (5.4%)
Study population intervals                                                                      20 (2.1%) f                             24 (2.6%) b

                                                                            ≥65 years                       n = 463
Manufacture’s intervals                                                                           3 (0.6%)                                  47 (10.2%)
Study population intervals                            10 (2.2%) d                     12 (2.6) a

TSH reference ranges suggested by 
assay manufacturers, without 
considering possible gender and 
age differences.

In this study, women were 
arbitrary divided on the basis of 
the fact that middle age is 
generally defined as the time span 
from about 40–45 years to about 
60 -  35 years and the elderly are 
defined as persons aged 65 years 
and older. We determined age-
related TSH in a cohort of women 
whose clinical characteristics, 
hormonal data, US findings and 
therapies were known. All the 
women in our study population 

(n = 2,597) were adults (≥18 years) 
and Caucasian. About 70% were 
living in the Savona district. In the 
period 2003–2022, the median 

female (≥20 years) population of 
the Savona district was 126,500 

22individuals . We therefore estimated 
that our study population involved 
about 1% of adult women living in 
the Savona district. Our median TSH 
was 1.70 mIU/l, with a percentile 
interval ranging from 0.37 mIU/l 
(2.5th percentile) to 6.95 mIU/l 
(97.5th percentile). These data are 
not strictly comparable with those 
obtained by means of a direct 
procedure in the Pordenone district 

(Friuli; north-eastern Italy) in 
“normal” volunteer women aged 
20–65 years (i.e. no detectable 
autoantibodies, no history of thyroid 
dysfunction, non-palpable goiter, 
no interfering drugs), in whom the 
median TSH and 2.5th percentile 
were 1.66 mIU/l and 0.56 mIU/l, 
but the 97.5th percentile was set 

10to 3.27 mIU/l . This difference 
could be explained by the different 
upper age ranges in the study by 

10
Tozzoli et al.  (up to 65 years) and 

ours (≥65 years). On the other hand, 
in a sample of 8619 girls (> 12 years 
of age) and women without a 
history of thyroid disease, in the 
USA, the median TSH level was 1.50 
mIU/l and the 97.5th percentile 

23
was 6.10 mIU/l . In Sicily, a TSH 
reference range was determined 
by applying indirect methods to a 
large dataset (n = 22,602) stored in 
a laboratory from 2012 to 2018. 
Only a minority of data had been 
obtained from outpatients (12%), 
and information on possible interfering 
therapies, BMI, smoking status and 

4thyroid morphology was lacking . 
In women, the lower limit of the 
reference range (0.18 mIU/l) was 
similar to that provided by 
manufacturers (0.20 mIU/l), but 
the upper limit was calculated as 
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3.94 mIU/l, as opposed to the 
4

manufacturers’ limit of 4.70 mIU/l . 
In that study, median TSH values 
decreased with age, as noted in 
our population, with a slight negative 
correlation between age and TSH.

In one of our previous studies, 
a borderline status of iodine 
sufficiency (101 µg/l) was noted in 
a cohort of adult subjects living in 

14our districts , and it may be 
supposed that the iodine status of 
the present study population was 
similar. Moreover, it has been 
reported that TSH may be higher in 
areas of both overt and partial 

24
iodine deficiency . Indeed, in a 
study conducted in areas with 
excessive iodine intake, the 97.5th 
percentile of TSH in adult females 

25
(all ages) was set to 8.42 mIU/l . 
While past or current smoking has 
been associated with lower TSH 

26levels , the effect of smoking in 
our population of women can be 
considered marginal or absent. 
Regarding the relationship between 
BMI and TSH, there is no consensus 
in the literature, and both positive 
27,28 29

 and negative  correlations 
have been reported. In agreement 
with our data on women, Ivo et al. 
28 found no significant correlation 
between BMI and TSH, even when 
a reference population of euthyroid 
subjects (normal TSH) was separately 
evaluated according to sex.

In our study, the 97.5th 
percentile of TSH increased by 
about 1.00 mIU/l per age-group, 
rising from 5.94 mIU/l to 7.69 

4,10mIU/l, while in other studies  it 
remained stable throughout life. 
Moreover, it is well known that the 
distribution curve of normal TSH is 

30shifted to the right in the elderly , 
and several other studies have 
shown an increasing trend in the 
97.5th percentile of TSH with age. 

12In the Padoan et al.  study, women 
referred for TSH evaluation by 
general practitioners showed a 
slightly increasing TSH trend (from 

4.96 mIU/l to 5.48 mIU/l) on passing 

from the ≤35-year group to the ≥
70-year group. Other studies have 
reported an age-related increase 
in TSH, with the 97.5th percentile 
exceeding 7.0 mIU/l in individuals 

23,30,31aged over 80 years . Similar 
findings emerged from older data 
in Tuscany (Central Italy), with TSH 
measured by means of radio- 
immunoassay; in a small group of 

very elderly subjects (≥100 years), 
however, median TSH levels were 
lower than in subjects aged 20–64 

32
years . In a recent study by Luxia 

33
et al. , in which Han subjects with 
normal thyroid function were 
stratified into three age-groups 
(young: 18–44 years, middle-aged: 
45–59 years, and elderly: >60 years), 
females, but not males, displayed 
a similar gradual increase in TSH, 
which peaked in middle age and 
subsequently declined.

30Taylor et al.  reported an 
increase in hypothyroidism in the 
UK between 2005 and 2014 in 
subjects aged over 60 years, with a 
consequent increase in L-T4 initiation. 
On the other hand, in a recent 
investigation of the incidence and 
determinants of spontaneous TSH 
normalization in subjects > 65 
years old with an initial TSH value 
between 4.60 and 19.99 mIU/l, 

34
van der Spoel et al.  observed that 
the hormone had spontaneously 
normalized after about 1 year in 
about 61% of subjects. After a 
further year, the same phenomenon 
was observed in 40% of subjects 
with abnormal TSH randomized to 

34
placebo . Interestingly, female 
sex, negative TPOAb, less elevated 
TSH, higher initial f-T4 and TSH 
measurement in summer were 
independent determinants of 
normalization. The practical 
implication of this is that it may be 
advisable to wait at least one year 
before starting L-T4 treatment 
when TSH levels are above the 
manufacturer’s range but below 

the population-derived age-related 
97.5th percentile. Our study 
therefore suggests that, in the 
district of Savona and nearby areas, 
women with TSH levels above this 
percentile could be treated for sub-
clinical hypothyroidism. However, 

34
according to the literature , the 
risk of unnecessary L-T4 treatment 
might require a longitudinal 
evaluation of TSH. In addition, we 
observed that, on redefining the 
upper limit of normal TSH, the 
incidence of sub-clinical hypo- 
thyroidism significantly decreased 
in subjects over 45 years of age 
when “study population” TSH ranges 
were adopted rather than laboratory-
derived TSH ranges years, as 
observed in subjects > 65 years of 

8,35age in other studies , an approach 
that prevents over-treatment.

Nevertheless, inappropriate 
anti-thyroidal treatment could be 
started in a supposed condition of 
sub-clinical hyperthyroidism when 
f-T4 is in the normal range but TSH 
is lower than the manufacturer’s 
reference range. The decision to 
undertake a pharmacological 
approach must always be carefully 
considered, particularly in the 
elderly, in whom it is well known to 
engender a higher risk of all-cause 
mortality and cardiovascular 

9morbidity and mortality . Indeed, 
in a recent meta-analyses involving 
134,346 participants with a median 
age of 59 years (range 18–106 
years), f-T4 greater than the 85th 
percentile and TSH below the 20th 
percentile, 4.3% of whom were on 
thyroid medication at the baseline, 
the authors reported a higher risk of 
all-cause mortality and cardiovascular 

36mortality .
In our study, the TSH value set 

at the 2.5th percentile was slightly 
lower in the 18-44-year age-group 
(0.49 mIU/l) than in the other two 
age-groups (0.30 mIU/l). A similar 
pattern has been reported in some 
4,12,31,37 8,38

, but not all, studies . 
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Differences among studies could 
stem from inhomogeneous division 
into subgroups, different sample 
sizes, iodine status and other 
reasons, including the assignment 
of subjects with pre-clinical thyroid 
nodular hyper-function to the 
category of “normal” elderly women. 
From our data, the suspicion of 
sub-clinical hyper-function seems 
slightly more frequent on applying 
the “study range” instead of the 
“manufacturer” range, especially 
in the group of women aged 18–44 
years. This observation suggests that 
the lower limit of the reference 
TSH range may also need to be 

36
reassessed, as reported by Xu et al. .

The present study has several 
limitations. Firstly, the reference 
limits of laboratories vary greatly 
(see supplemental materials) and 
lumping these data together could 
hamper our findings; however, an 
ideal mixed model or stratification by 
assay was not possible. Secondly, 
age-related changes in the TSH 
range were not compared between 
females and males. In our 
experience, however, the demand 
for endocrinological examination 
in young and middle-aged males is 
reality quite low. Nevertheless, we 
hope to perform a similar cross-
sectional study of a large data-set on 
males in the near future. Thirdly, 
our group of “normal healthy” 

women aged ≥65 years was smaller 
than the other two age-groups. 
However, our study population 
was larger than the minimum 
recommended limit in direct studies 
aimed at determining a normal range 
3. Moreover, a selection bias could 
have emerged from our cross-
sectional study of subjects under- 
going their first endocrinological 
investigation for several reasons, 
though strict exclusion criteria were 
applied. Indeed, it seems easier to 
identify a population free from 
clinical thyroid problems in data 

4,10,12
from national studies  employing 

“big data”. In addition, on-site 
ultrasonography screening was 
routinely added, as in other studies 
18,25,38

. Finally, the women who under 
went endocrinological examination 
at our centre might not be 
representative of the general 
population of our districts, owing 
to the expense of attending a private 
centre. However, the average 
income in our districts is not so low 
as to make socioeconomic status a 
real problem, and our study group 
represented about 1% of women 
living in the Savona district. More- 
over, in the period 2003–2022, no 
age-related TSH range was available 
at public healthcare centers in 
Liguria. A further limitation from 
our study could the incompleteness 
of data on thyroid hormones on the 
first endocrinological examination.

Serum TSH reference ranges 
8,39

differ across laboratories . In 
39

accordance with Razvi et al. , we 
sought to determine, in healthy 
women, a TSH range based more on 
clinical outcomes than on statistical 
techniques.

In conclusion, this is the first 
study in Liguria aimed at establishing 
new age- and gender-specific 
reference values for TSH. Based on 
a large number of women, this 
new age-related range could be 
more extensively employed in 
order to improve diagnoses. The 
main result of implementing age- 
and gender-related normal TSH 
levels between the 2.5th and 
97.5th percentiles seems to be a 
slight increase in the number of 
18-44-year-old women with sub-
clinical hyperthyroidism and a very 
significant reduction in the hasty 
diagnosis of sub-clinical thyroid 
dysfunction in women aged 45–64 

years and ≥65 years. Therapies for 
thyroid dysfunction must be started 
when TSH is outside age-related 
ranges, according to the patient’s 
clinical condition and when this 
finding is confirmed some time 

later.

No datasets were generated or 
analysed during the current study.
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Abstract

Introduction

SCD remains the most common 
inherited blood disorder. Due to a lack 
of strong evidence, the management 
of sickle cell is often anecdotal, local to 
individual centers, states, and countries. 
Even in areas of practice with high-
level data to improve practice, 
implementat ion has not been 
consistent. The historical lack of an 
agreed-upon national registry has 
compounded this problem and 
resulted in a lack of comparative 
effectiveness data to identify areas of 
deficiency and improve practice. 
These barriers have resulted in centers 
developing local  pol ic ies and 
procedures, often with limited 
communication with other centers, 
resulting in disparate and inconsistent 
care.

Objectives

To improve the situation, the National 
Alliance of Sickle Cell Centers (NASCC) 
was founded in 2020 and adopted a 
national registry, the Globin Research 
Network for Data and Discovery. To 
prov ide  c lear,  pract ica l ,  and 
measurable recommendations, the 
NASCC in i t iated a  consensus  
procedure using a modified Delphi 
process to enhance the development of 
practice recommendations for SCD 
that include current guideline-based 
recommendations, use consensus 
where data are limited and identify 
areas where research is needed.

Methods

This  manuscr ipt  explains the 
consensus process used, including the 
facilitation of the hybrid discussions 
and the categorization of practice-
based recommendations as standard 
versus recommended.

Results
This paper describes the methods used 
to develop consensus recommendations 
to improve practice harmonization in 
SCD.

Conclusions
The recommendations resulting from 
this process will help us to provide 
consistent care to affected individuals, 
enhance the evidence base in SCD 
management and support quality 
improvement efforts.

Keywords: Sickle cell disease, Sickle 
Cell Centers, Delphi, recommendations, 
quality improvement

SCD is a common inherited blood 
disorder both in the United States and 
globally. Managing this condition has 
often relied on local practices rather 
than strong evidence-based guide- 
lines, leading to inconsistencies in care 
across different centers and regions. 
To address these (and other) issues, 
the National Alliance of Sickle Cell 
Centers (NASCC) was established in 
2020. One of its key initiatives is the 
use of a national registry called the 
Globin Research Network for Data and 
Discovery (GRNDaD) to collect 

Lay Summary

detailed data that can identify gaps in 
care and facilitate improvements in SCD 
management. National Alliance of Sickle 
Cell Centers has also implemented a 
way to develop more recommendations 
for care using a consensus process, 
called a modified Delphi method. By 
harmonizing care practices across 
NASCC SCD centers and promoting the 
use of the GRNDaD registry, NASCC 
aims to enhance the quality and 
consistency of care for individuals with 
SCD. This collaborative approach is 
expected to bolster the evidence base 
for SCD management and support 
ongoing quality improvement efforts in 
the field.

SCD is the most common inherited 
blood disorder in the United States, 
disproportionately affecting people of 
African ancestry. Although systemic 
racism and socioeconomic inequities 
have adversely affected progress, the 
last 30 years have demonstrated 
significant improve-ment in outcomes, 
allowing far more individuals to grow 
into adulthood. A deeper under- 
standing of the pathophysiology of 
SCD, including the role of vascular 
endothelium in the disease process as 
well as the nature of hemoglobin S, has 
broadened the scope of clinical and 
academic research. Additionally, 
greater interest in drug development 
for SCD has led to more disease-
focused treatment options. As new 
therapies become available, a system 
of care needs to be effectively 
developed with systems in place to 
monitor and understand their impact, 

BACKGROUND
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to ensure these therapies reach the 
people who need them, and to guide 
future avenues of research.

The lack of a strong evidence 
base for much of SCD care has led to 
significant variation in practice both 
within and across individual SCD 
centers, states, and countries. Even in 
areas of practice where high-level 
data exist to improve practice, recent 
SCD surveillance and implementation 
data have demonstrated that these 
evidence-based guidelines are not 
reaching clinical practice. This 
problem has been historically 
compounded by the lack of an agreed-
upon national registry and has 
resulted in a lack of comparative 
effectiveness data to identify areas of 
deficiency and improve practice.

To advance the practice of medicine 
for people with SCD, the National 
Alliance of Sickle Cell Centers (NASCC) 
was founded in 2020 and adopted the 
Globin Research Network for Data and 
Discovery (GRNDaD) as a national 
registry to ensure harmonized data 
collection. National Alliance of Sickle Cell 
Centers is a nonprofit organization 
formed to support SCD centers in 
delivering high-quality comprehensive 
care and employing the collaborative 
impact to improve health outcomes, 
quality of life, and survival in all 
patients with SCD.

Creating and sustaining more 
high-quality SCD centers will require the 
pooling of expertise, resources, 
perspectives, and community input. At 
its inception, NASCC identified board 
members, including physicians  
representing all regions of the United 
States, researchers, community 
members, affected individuals, and 
other stakeholders to establish a 
shared vision to enhance the quality 
of care for people with SCD by 
improving  pat ient  outcomes,  
reducing health disparities, and 
working in partnership while 
collecting data in the GRNDaD registry 
to better understand where care 
improvements are needed. Once 
established, NASCC needed to 
develop the collective impact 

INTRODUCTION

framework necessary to measure 
outcomes for affected individuals. 
One aspect of this framework is an 
electronic data capture system 
(GRNDaD). The second requirement is 
for shared metrics that can be used to 
measure outcomes, including increased 
life expectancy, improved patient 
satisfaction, and decreased acute care 
utilization. Once these metrics are 
established, NASCC will employ data 
analytics to identify gaps in care and 
target interventions effectively.

While there have been efforts in 
the past to develop consensus 
recommendations for the treatment of 
SCD, including recommendations 
established by several SCD experts in 
collaboration with the National Heart 
Lung and Blood institute (NHLBI) in 
2014 in the United States, these have 
not been updated to reflect the aging 
adult SCD population or to include 

1novel treatment options.  The Sickle 
Cell Society in the United Kingdom 
developed the first edition of the 
“Standards for Clinical Care of Adults 
with Sickle Cell Disease in the UK” in 
2008, which was revised in 2018 and 
has been instrumental in improving 
care for patients with SCD in the 
United Kingdom. Similar topic-specific 
standards of care have also been 
published by the British Society of 
Hematology (2015, 2018) and the 

1–3National Institute for Health (2014).  
In the United States, the American 
Society of Hematology (ASH) developed 
evidence-based guidelines in 2019-
2021, which are organ-system-based, 
that is, cardiovascular, pulmonary, 
renal, and neurologic or therapy-
focused, that is, blood transfusion, 
pain management, and stem cell 

4–7transplant.  Comparatively, the ASH 
guidelines do not sufficiently address 
the holistic approach to care needed 
by people living with SCD and the UK 
guidelines are more specific for their 
patient population and system of care. 
Furthermore, neither of these 
guidelines has been implemented for 
quality assurance purposes and needs 
restructuring for long-term quality 
improvement activities. To truly 
improve care in SCD, a longitudinal 
clinical registry combined with practice 
harmonization and a plan for quality 

assurance and improvement activities is 
desperately needed. People with SCD 
require specialized and multidisciplinary 
care, including access to knowledge- 
able providers who are familiar with 
available treatment options to reduce 
both pain and organ complications, 
decreasing morbidity and mortality.

To formulate updated management 
recommendations that could be used 
to measure the delivery of quality care, 
NASCC opted to use a well-defined, 
accepted, consensus-based recommen-
dation process using data-driven 
evidence where available, combined 
with a consensus-based approach 
amongst experts to enhance practice 
standardization and allow for quality 
assurance assessments. The initial 
smaller-scale projects using consensus 
included those undertaken to define 
the clinical standards needed to be 
recognized as an SCD center for 
children or adults. The definitions of 
“SCD centers” that resulted from 
these efforts allowed SCD centers to 
apply to NASCC to become a member-
center recognized for delivering multi-
disciplinary SCD care.

Once NASCC was fully established 
and had over 20 member centers, a 
more defined consensus process was 
implemented to develop clinical 
standards of care. The goal of this 
manuscript is to detail the methodology 
used to develop the NASCC consensus 
practice recommendations. As per the 
Institute of Medicine’s published 
standards for the production of clinical 
practice guidelines, this methodology 
is consistent and systematic; all 
resulting consensus statements are 
transparent and have specific notations 

8where evidence is lacking.  These 
consensus recommendations are 
meant to be living documents that will 
be reviewed and rewritten as needed 
to ensure the recommendations are up 
to date and relevant to current 
treatments and findings in SCD. 
Finally, these documents are also 
meant as a call for action to the US 
G o v e r n m e n t  a n d  h e a l t h c a r e  
community to increase efforts to 
provide equitable services to all 
people living with SCD in the United 
States.
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MATERIALS AND METHODS

This paper will present the method 
used by NASCC to develop clinical 
practice recommendations. It is 
important to note that the number of 
NASCC recognized centers has grown 
substantially since its inception 
(resulting in 114-NASCC NASCC-
recognized full and associate member 
centers as of this article’s submission). 
The consensus process is completed 
from January to December of each 
calendar year. Thus, each topic 
selected annually for the develop- 
ment of recommendations will have a 
different number of centers voting as 
the Alliance grows. However, the 
process for achieving consensus has 
remained unaltered despite the 
growth of the organization and the 
increased number of participating 
specialists. In addition, the Executive 
Board within NASCC reviews each set 
of recommendations to evaluate for 
relevant updates and changes that 
need to be made to ensure the data 
(and recommendations) remain current. If 
a specific change is needed, a vote will 
be reconvened across the centers to 
re-determine consensus for that item. 
In this way, the recommendations can 
remain as living documents.

Topic selection

The topics chosen each year are 
identified by the NASCC Executive Board 
with input from the participating 
recognized sickle cell centers. Topics 
must be deemed important and 
relevant to both patients and 
providers, as well as measurable for 
long-term evaluation and quality 
assessment. Each topic selected is 
also approved by the NASCC Board of 
Directors prior to the initiation of the 
process. The NASCC process does not 
focus on topics where a formal 
evidence-based review has already 
been conducted by others using 
Grading of Recommendations, 
Assessment, Development and 

9Evaluations (GRADE)-like methodology.  
The NASCC consensus recommendations 
may encompass components already 
included in other guidelines, such as 
age-specific screening recomm-

endations, but are redefined and 
organized for SCD management to 
enhance clarity and readability. 
Further, in some cases, NASCC 
consensus processes can also be used 
to provide recommendations on how 
to optimally implement existing 
guidelines.

RAND/UCLA Modified Delphi Panel 
Methodology

The Delphi panel methodology 
systematically and quantitatively 
combines expert opinion and published 
literature (Figure 1). This method is 
consistent with established processes 
used for expert practice harmonization 

10,11in health care decision making.  
Delphi panels do not involve human 
subjects as defined by 45 CFR part 46, 
and therefore these procedures do 
not require institutional review board 
approval. There are 4 key characteristics 
required when using the original 
Delphi method: anonymity, iterative 
data collection, participant feed- 
back, and statistical determination of 
group response. A classic Delphi 
process starts with a set of questions 
that are answered (anonymously) by 
experts in a series of rounds. The 
initial rounds are followed by a 
discussion in which participants can 
give feedback on the results of the 
previous round to explain their 
individual rationale. Panelists can 
revise their responses and offer a new 
vote in subsequent rounds. After each 
round, the items which have reached 
consensus are removed from the round, 
and the remaining items continue to 
be discussed/voted/revisited. This 
process can continue until either a 
predetermined percent consensus is 
reached or until the group completes 
a pre-arranged number of rounds. The 
RAND/UCLA (University of California, 
Los Angelos) Modified Delphi method 
is more specific and includes a 
comprehensive literature review prior 
to the initial voting, followed by only 2 
rounds of ratings or voting on specific 
statements and a discussion in 
between rounds. At the end of the 
second round of voting, the group will 
have achieved consensus on each 
item or identified items as non-

conclusive. This process removes the 
anonymity used in the original Delphi.

More recently, Rand et al developed 
a new tool that can be used with the 
modified Delphi process called the 
ExpertLens that combines their original 
Modified Delphi but expands the pool 
of stakeholders and allows for virtual 

13engagement.  Specifically, ExpertLens 
is a tool (application) developed by the 
RAND corporation to enhance virtual 
engagement with more participants. It 
has 4 goals: to expand the pool of 
“expert” participants, to allow non-
collocated participants to share their 
ideas and interact with each other 
anonymously through online discussion 
boards, to seamlessly integrate 
participants’ votes (quantitative data) 
and comments (qualitative data); and 
to employ statistical analysis as a way 
to make decisions based on the input 

14–16from diverse groups.  Importantly, 
the modified-Delphi process with the 
ExpertLens has been used in several 
previous methodological efforts and 
was also validated by articles published 
in the Journals of Clinical Epidemiology 

17–19 and Value in Health. Importantly, 
these articles highlight the impact of 
the modified process on how study 
participants may change their 
responses after seeing their responses 
compared to others and having an 
opportunity for in-depth discussion.

The NASCC process uses the same 
modified-Delphi process but includes 
both virtual and in-person engagement 
with a larger group of experts as done 
using the ExpertLens. The actual 
ExpertLens tool is not used in this process, 
but the concepts developed by the 
RAND Corporation (virtual participation 
and expansion of the participant pool) 
are included. National Alliance of Sickle 
Cell Centers has 2 virtual voting rounds 
to allow for the inclusion of geographically 
distributed participants. In between 
these rounds, the participants gather 
for in-person/ hybrid discussion to 
review the initial voting results, review/ 
discuss and debate changes, and 
formulate the final items to be 
considered in the final voting round. 
National Alliance of Sickle Cell Centers 
asks each center to have 1 representative 
who will vote in the process to express 
their opinions on behalf of their SCD 
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center. Most often, the representative 
is the SCD center director. However, a 
center director may select someone 
else to serve in this capacity. The 
NASCC process remains iterative, asks 
participants to provide their judgments 
indepen- dently and encourages 
discussion before the solicitation of 
the final anonymous, independent 
votes.

Pre-consensus ratings survey

An initial survey is completed 
independently by each center to 
assess current practice patterns across all 
the recognized NASCC member 
centers (at that time) to identify areas 
of practice agreement and identify 
where there is significant variability. 
The length of the initial ratings survey 
depends on the topic undertaken.

Following this survey, NASCC 
member centers are asked to review the 
current literature available around the 
specific consensus topic. For the first 
consensus topics (age-based screening 
and prevention for children and adults 
with SCD), a thorough literature review 
was undertaken by Partnership for 
Health Analytic Research, LLC (PHAR). 
Partnership for Health Analytic 
Research, LLC was directed to conduct 
targeted literature searches to identify 
published information on routine 
screening and assessments for children 
and adults with SCD, established SCD 
guidelines, and previously published 
consensus recommendations or practice 
harmonization documents from any 
state in the United States and 
countries in Europe. Partnership for 
Health Analytic Research, LLC was 
used to assemble and condense the 
material for the screening and 
prevention topics due to the breadth of 
available material that included all 
age-related (ie, healthy person) 
screening in addition to SCD-specific 
screening and guidelines. Subsequent 
relevant literature reviews are 
assembled by the topic leaders or 
recommended by the local experts in 
the designated practice areas. In all 
cases, the designated literature is 
given to all NASCC members to review 
prior to the meeting.

12
The RAND/ULCA modified Delphi panel methodology. Source: Broder et al.

Consensus ratings

For all consensus recommendations, 
NASCC adopted 2 grades of practical 
interventions:

Standards

Being that which providers must do to 
ensure safe and adequate care, or 
where omission could lead to poor 
clinical outcomes. These include key 
requirements of any service. Where 
possible, we have tried to ensure these 
are measurable.

Recommended

Being those that would be beneficial 
and that providers should try to 
follow, but for which there is less 
evidence or that are less certain to have 
a direct impact on clinical outcomes.

Hybrid meeting

After the literature review is 

completed, all NASCC member centers 
as of May 1 (in that year) are invited to 
attend a consensus meeting to discuss 
the designated consensus topics for 
that year. During this meeting, the 
results of the initial pre-meeting 
consensus are reviewed as a group 
and clarifying questions can be asked 
and discussed. The results of the pre-
meeting surveys are presented to 
specifically call out areas of clear 
convergence and variation. After 
review, the center members are asked 
to self-select into workgroups. Each 
consensus topic has designated leaders 
who serve as moderators for this 
group discussion. Here, all members 
can discuss the logic behind their ratings, 
focusing on areas of difference. The 
goal is to specifically review the initial 
findings, discuss and debate areas of 
variation and divergence, and identify 
key statements to be included in the 
final recommendations. National 
Alliance of Sickle Cell Centers members 
can attend both in-person and via 
teleconference. During the live 
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discussion, NASCC members can also add 
new items to the recommendations 
that were not included in the initial 
survey that may develop during the 
conversation.

Hybrid meeting voting

During the hybrid meeting, a vote is 
taken on all items, including those that 
did reach initial consensus during the 
pre-meeting survey as well as those in 
which there was no agreement and 
the new items that were added during 
the discussion. Votes are taken on 
each item. Items that reached at least 
70% agreement were considered 
agreed upon in this vote. If an item did 
not reach 70% agreement, it was 
identified as an area needing further 
study/ discussion.

Post-meeting assessments and 
community input

Following the live meeting, the 
working groups complete a summary of 
findings and develop the final list of 
statements based on the votes, 
including evidence and the level of 
data available. These statements are 
presented to a regionally diverse group 
of community-based organizations of 
SCD stakeholders for comments, 
additions, and recommendations. 
Community-stakeholder feedback is 
then included in the document 
prepared for the final vote.

Final vote

As noted, the initial vote is performed 
virtually and followed by a hybrid 
discussion on each point, which results in a 
final list of items to be voted on after 
undergoing community review. The 
final vote is also performed virtually. At 
the time of the final vote, each of the 
recognized NASCC centers can 
identify a single voting member for 
each consensus topic (1 vote/center). 
The lifespan or “whole life” NASCC 
centers who have separate pediatric 
and adult directors get 2 votes (one 
for each director). Importantly, any full 
NASCC center member can vote 
during the final vote even if they were 
not part of the initial pre-meeting 

survey or were not present at the 
annual hybrid meeting. The rationale 
for including all centers in the final vote 
is to be as inclusive as possible given 
the fluctuating number of NASCC 
centers. It is optimal that the final vote 
includes those representation from all 
current centers (which may have 
changed since the start of this 
process). Thus, the total number of 
voting centers may differ within a 
Delphi topic (from first to third vote) 
and between different topics as more 
centers joined the Alliance over time.

For each statement, the voting 
members rate the action (test, 
treatment, management change, etc) 
on a scale of 1-9, where 1 is highly 
inappropriate, risks outweigh the 
benefits, to 9 signifying highly 
appropriate, benefits outweigh the 
risks. Ratings of 1-3 are used when an 
action is considered by the voter to be 
inappropriate, and ratings of 7-9 are 
used for actions considered appropriate. 
The definition of consensus used by 
RAND/UCLA modified Delphi panels is 
variable. The consensus definition 
should be the percentage of agreement 
based on a predetermined cutoff. In 
previous studies by different groups, 
the percentage agreement varies from 

2050% to 97% and is usually arbitrary.  
Importantly, the most common range 
required for consensus is 70%-80% 
because it reflects a substantial 
majority while remaining achievable in 
large, diverse expert panels. Higher 
percentages are more difficult when 
there are a large number of 
participants, as in this setting. Thus, 
the NASCC consensus here was pre-
defined as being present when at least 
70% of the response was in the same 
three-point range (1-3, 4-6, 7-9). Thus, 
for  al l  recommendations and 
standards, at least 70% consensus is 
required for inclusion. For items that 
do not meet consensus, additional 
information is included in the 
document (areas of research needed, 
areas of controversy due to existing 
guidelines, or other points of inquiry). 
The modified Delphi process used for 
the development of the NASCC practice 
recommendations is shown in Figure 2.

RESULTS

DISCUSSION

As of January 2025, NASCC has 
convened to discuss over 12 different 
topics intended for NASCC consensus 
voting resulting in 5 sets of finalized 
recommendations including annual 
screening needed for infants <2 years 
of age with SCD, children 2-18 years of 
age and adults living with SCD as well as 
the requirements for documentation 
when patients transition from pediatric 
to adult care and the requirements 
needed to be a transformative therapy 
center (an SCD center optimized to 
perform allogeneic transplant and 
autologous gene therapy). In addition, 
there are several recommendations 
undergoing their final votes this year, 
including those for the treatment of 
uncomplicated pain crisis, optimal 
management and assessment for iron 
overload, the definition and training 
needed to be an SCD specialist, and 
the standards and recommendations 
for surveillance of neurocognitive 
funct ion ing  in  SCD.  The last  
recommendations will be finalized in 
the first quarter of 2025.

There are multiple areas of SCD 
management that remain under- 
studied, and clinical practice has relied 
on anecdotal experience. While practice 
guidelines exist in some spaces, they 
are often specific to a certain organ 
system or are limited in their ability to 
draw actionable conclusions due to 
the paucity of randomized controlled 
trials, lack of a clinical, longitudinal 
registry data, and lack of practice 
harmonization among experts on 
which to make evidence-based 
conclusions. The recommendations 
developed by the modified Delphi 
process will be living documents that 
are re-evaluated every 3 years (or 
sooner if new data arrives) and 
updated when change is needed. With 
improved harmonization of practice, 
ongoing clinical assessment and re-
appraisal, NASCC can test the validity 
of these recommendations to make 
higher-grade evidence-based decisions 
in the future.

To be included as a voting member 
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of NASCC, you must be part of a 
recognized SCD center in the United 
States in order to ensure the 
recommendations can be undertaken 
as a means for practice harmonization. 
Notably, NASCC center directors (all of 
whom are recognized as SCD 
specialists) have different durations 
and types of experiences in the 
management of people with SCD, 
allowing for a highly heterogeneous 
but diverse group of members, adding 
to the richness of the discussion and 
deliberations.

The purpose of these recomm-
endations is to help SCD centers foster 
practice harmonization in order to 
ensure people living with SCD receive 
consistent, high-level care, based on 
the most recent scientific discovery to 
guide practice decisions. Furthermore, 
by harmonizing practice, it allows for 
an improved ability to assess the 
outcomes of these practices for 
further decision making in the future. 
The target audience includes the SCD 
centers themselves as well as the 
primary care providers and other 
clinicians, nurses, and staff who 
provide emergency or continuity care 
to individuals with SCD. These 
recommendations address the care of 
individuals living with SCD throughout 
the lifespan with a goal of facilitating 
high-quality practice, encouraging the 
use of a common data collection tool 
(GRNDaD, the national registry used by 
NASCC), and improving cooperative 
thought and research within the SCD 
provider community.

The history of SCD both in the United 
States and worldwide has demonstrated 
a lack of commitment to clinical care 
and quality improve-ment by multiple 
governing bodies, resulting in a lack of 
available data, resources, and few 
high-quality clinical trials. These 
recommendations reflect the areas of 
agreement among NASCC member 
centers. There are noted limitations in 
data availability and several areas in 
which topics chosen for consensus 
will not have data but will require 
practice harmonization to ensure the 
safe and methodical delivery of novel 

CONCLUSION

The high-level methodology used by National Alliance of Sickle Cell Centers to 
develop consensus-based recommendations.

Figure 2.

therapies and treatments. Furthermore, 
as we now have a population of 
geriatric patients living with SCD, there 
are uncharted territories for which we 
need to studiously examine our practices 
and identify optimal treatments. The 
clinician-supported consensus statements 
developed through this validated 
method allow for faster dissemination 
of management recommendations 
compared to waiting on the results of 
a clinical study that has the potential 
to be underfunded (or never funded). 
We hope that these recommendations 
can aid in promoting research in SCD 
and further care improvement in a 
cooperative, data-driven environment 
with a focus on improving outcomes 
for all individuals living with SCD.

There is no funding for this work. 
National Alliance of Sickle Cell Centers 
(NASCC) is grateful to the pharmaceutical 
sponsorship obtained annually used to 
support the meeting space and NASCC 
administration used for the consensus 
conference. All consensus sessions are 
limited to SCD center members only 
and are closed to industry members. 
Special thanks to all the members of 
NASCC who took part in this initiative 
and for their commitment to providing 
excellent care to people living with SCD.
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