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Abstract

Background
General practitioners considering coronary computed tomography angiography (CCTA) usually have only
admission diagnoses and recent laboratory results. Whether the number of cardiometabolic risk factors
in those records means the same at every age, and whether HbA1c and eGFR add discrimination, is
untested.

Methods
Single-centre cross-sectional study of adult CCTA examinations from the general practice and cardiology
pathways of a tertiary hospital, 2021 to 2025. The exposure was the number of hypertension, diabetes,
dyslipidaemia and renal impairment recorded from diagnoses and laboratory results within 30 days
before CCTA. Obstructive coronary artery disease (CAD) was read from reports by a validated text rule.
After excluding prior revascularisation and incomplete laboratory data, 5,225 patients were analysed
with patient-clustered logistic regression.

Results
Obstructive CAD was reported in 1,018 patients (19.5%), similarly in both pathways. Each additional risk
factor carried an adjusted odds ratio of 1.70 (95% CI 1.57 to 1.84); adjusted prevalence rose from 9.2%
with none to 43.9% with four. Age modified the association (interaction P < 0.001): the per-factor odds
ratio was 2.20 under 55 years and 1.46 at 75 or older; obstructive CAD without recorded risk factors was
0.4% and 21.2%. Adjusted odds ratios were 4.41 for HbA1c of 8.0% or higher and 1.64 for eGFR below 60
mL/min/1.73 m².

Conclusions
The recorded risk-factor count shows a dose-response relationship with obstructive CAD that weakens
with age. A clean record reassures in younger patients but much less in older ones. HbA1c and eGFR
refine risk; risk-factor review before CCTA should be read by age.

Background
Ischaemic heart disease remains the leading contributor to disease burden worldwide and in China,
where the number of people living with cardiovascular disease continues to rise (1, 2). Coronary
computed tomography angiography (CCTA) is now a first-line test for stable chest pain, and its reporting
system, CAD-RADS, flags possible obstructive disease at grade 3 or higher (3–5). Coronary stenosis
rarely reflects a single disease, because hypertension, diabetes, dyslipidaemia and renal impairment
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tend to coexist and are now grouped by the American Heart Association under the cardiovascular-
kidney-metabolic (CKM) syndrome (6). This study asks whether the number of such risk factors recorded
in the chart before CCTA carries the same meaning at every age, and whether glycaemic control and
eGFR separate risk further.

That more risk factors mean more coronary disease is clinical common sense. CKM syndrome is
common. Most adults in the United States are at stage 1 or above, roughly one in four Chinese adults is
at stage 3 or 4, and mortality rises with each stage (7, 8). Mortality also multiplies with the number of
coexisting cardiometabolic diseases, which is the classical basis for grading by count (9). Individual risk
factors have well-described relationships with CCTA findings. Hypertension is associated with more
extensive and more severe coronary atherosclerosis (10), and obstructive CAD is more often detected in
patients with diabetes than without (11). Reduced kidney function independently predicts adverse events
in CCTA populations (12), and metabolic phenotypes relate to CAD and events in stable chest pain (13).
Recent coronary imaging studies framed around CKM have mostly relied on formal staging or on more
complex models (14, 15). Chinese routine data have not yet been used to relate a risk-factor count taken
directly from admission records and laboratory results to the CCTA result of the same episode of care.
Nor has that relationship been examined across age groups and laboratory bands.

The interaction between age and risk factors matters for pre-test assessment. The CONFIRM registry
showed a dose-response relationship between CCTA findings and mortality that differed by age and sex
(16, 17). Among symptomatic patients aged 18 to 45 years, stenosis of 50% or more was found in only
1.8% (18). Young patients with no risk factors and a zero calcium score have very low event rates,
whereas those with several risk factors have markedly higher rates (19). In a large registry spanning
younger and older patients, obstructive disease predicted adverse events in both groups (20). A
multicentre Chinese cohort of 16,300 CCTA examinations found that plaque burden increases
nonlinearly with age and that atherosclerosis begins about 20 years later in women than in men (21).
Among 11,234 Chinese CCTA patients, current pre-test probability models underestimated obstructive
CAD in the young (22). Newer clinical likelihood models have been calibrated against CCTA findings in
several cohorts (23), and machine-learning work on CAD-RADS and CCTA yield in older adults offers
further reference points (24, 25). CAD-RADS grades carry prognostic value (26), but CCTA reports have
their own limits: they may underestimate plaque progression, agree imperfectly with invasive
angiography, and lose specificity in advanced chronic kidney disease (27–29). From a primary care
standpoint, a Swedish cross-sectional study of 483 patients referred directly from primary health care
centres found suspected significant stenosis in 18% (30). That yield matched the referring physicians’
pre-test probability estimates. These studies point to an age-dependent meaning of a risk factor, but they
used events as the endpoint or pre-test information as model input. The relationship between chart-
recorded risk factors and the CCTA result of the same episode, across age groups, still needs direct
testing.

Research on routine data has to state where the data came from, how they were linked, how variables
were defined and whether the data are fit for the question (31, 32). Diagnostic codes record disease with
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limited sensitivity, and the measured level of multimorbidity depends heavily on the data source (33, 34).
The process by which data come to be recorded can itself introduce selection bias (35). An odds ratio
from logistic regression and an absolute prevalence in a defined population are different quantities, and
the latter needs an explicit standard population (36). With these points in mind, we studied five years of
adult CCTA examinations ordered through the general practice and cardiology pathways of one hospital
and asked three questions. First, do the two pathways differ in case mix and prevalence, and can they be
pooled? Second, in the first-evaluation population, does the number of risk factors recorded before CCTA
show a dose-response relationship with obstructive CAD, and does age modify it? Third, do HbA1c and
eGFR levels separate risk beyond the presence or absence of diabetes or renal impairment?

Methods
Study Design and Setting

This was a single-centre retrospective cross-sectional study of adult patients who underwent CCTA
between January 2021 and December 2025 after attending the general practice or cardiology service of
a tertiary hospital in Jiangsu, China. Data sources were de-identified radiology reports, hospital
information system records, electronic medical records and laboratory system extracts. Most CCTA at
this hospital is ordered by cardiology and general practice. We chose these two pathways for two
reasons. The study was designed from a general practice perspective and focused on risk-factor
information that a general practitioner can read directly from the chart. Cardiology orders the most CCTA
at this hospital, and its patients are mostly referred for cardiovascular symptoms. It therefore served as
the reference pathway for testing whether the relationship between risk factors and CCTA findings
changes with the referral population. The stratified comparison of the two pathways was pre-specified in
the protocol. The small number of CCTA examinations ordered by other departments was not extracted.
The unit of analysis was the examination, and a de-identified patient identifier linked repeat examinations
of the same patient. There was no follow-up. Reporting follows the relevant items of STROBE and CODE-
EHR (31, 32); the STROBE checklist is provided as Additional file 2.

Study Population and Data Sources

During the study period 8,118 CCTA examinations were performed in adults. Six were invalid because the
examination was refunded, repeated or did not assess the coronary arteries, leaving 8,112 valid
examinations. Following the definition of a population without known CAD used in the CONFIRM registry
(16), we excluded 758 examinations in patients with prior stenting, percutaneous coronary intervention
or bypass grafting, leaving 7,354. We then excluded 2,129 examinations in which at least one laboratory
result needed for risk-factor classification was missing within 30 days before CCTA, giving a main
analysis population of 5,225 examinations (n = 5,225; Fig. 1). All eligible examinations in the period were
included; no sample size was calculated.

Outcome: Obstructive CAD on CCTA
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The outcome was obstructive CAD on the formal CCTA report, defined as maximal coronary stenosis of
50% or more, or a described severity equivalent to CAD-RADS grade 3 or higher (5, 37). A fixed text rule
identified coronary descriptions only, handled percentages, occlusion and mild, moderate and severe
wording, and excluded carotid, aortic and other non-coronary stenoses. “Equivalent to CAD-RADS”
means a grade derived from the report text; not every report contained a structured CAD-RADS field.

The rule was developed on a separate sample. Two hundred positive and borderline reports, stratified by
department and wording, were reviewed by two attending physicians against the same report text.
Discordant or uncertain records were used to revise the rule. This sample contributed to rule
development and was not used for validation. After the rule was frozen, 400 of the remaining reports
were drawn at random, stratified by rule result (200 positive, 200 negative), and 150 of these (75 and 75)
were randomly selected for human review. Two general practitioners (XS and HG), blinded to the rule
result, independently read each report and judged whether maximal stenosis reached 50%. Inter-reader
agreement was summarised with Cohen’s kappa. Reports with discordant readings were read jointly until
consensus was reached, and the consensus served as the reference standard for agreement, kappa,
sensitivity and specificity of the rule. Thirty-eight reports whose stenosis could not be classified by the
text rule were adjudicated one by one by a single investigator. Six were invalid examinations, and five
described only grafts or stents after prior revascularisation without describing the native vessels. The
remaining 27 were judged as stenosis below 50% and included as such. The rule was not changed after
validation.

Exposure: Cardiometabolic Risk Factors Recorded Before CCTA

Risk factors were classified from admission diagnoses and from the valid laboratory result closest to the
examination date within 30 days before CCTA, including the day of the examination. Information
generated after the examination was not used. Hypertension was defined by diagnosis. Diabetes was
defined by diagnosis or HbA1c of 6.5% or higher. Dyslipidaemia was defined by diagnosis or by any one
of four laboratory criteria: low-density lipoprotein cholesterol of 3.4 mmol/L or higher, total cholesterol of
5.2 mmol/L or higher, triglycerides of 1.7 mmol/L or higher, or high-density lipoprotein cholesterol below
1.0 mmol/L. Renal impairment was defined by a diagnosis of chronic kidney disease or by eGFR below
60 mL/min/1.73 m². The reported eGFR was used when available; otherwise it was calculated from
creatinine, age and sex with the 2021 CKD-EPI Eq. (38). Because records did not cover three months or
more, a single reduced eGFR was treated as a marker of renal impairment and not as a diagnosis of
chronic kidney disease (39). Laboratory values entered threshold decisions only when their units
matched the threshold.

Each positive risk factor scored one point, giving a count from 0 to 4; two or more defined
cardiometabolic multimorbidity. A patient without the relevant diagnosis and without the relevant
laboratory result before CCTA could not be classified for that factor and was not included in the main
analysis. Smoking, body mass index and complete medication records were incompletely documented
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and were not analysed. A recorded diagnosis of chest pain, chest tightness or angina served as a proxy
for a symptomatic indication.

Laboratory Grading

HbA1c was graded as below 5.7%, 5.7 to 6.4%, 6.5 to 7.9% and 8.0% or higher. eGFR was graded as 90 or
higher, 60 to 89 and below 60 mL/min/1.73 m², with the lowest band split into 45 to 59 and below 45.
Graded analyses were restricted to patients with the relevant result. Adjusted odds ratios were estimated
first against the reference band and then re-estimated after adding the risk-factor count. The second
estimate tests whether the laboratory level separates risk once the corresponding risk factor has already
been counted.

Statistical Analysis
Continuous variables are presented as mean and standard deviation and compared with Welch’s t test;
categorical variables are presented as counts and percentages and compared with the chi-squared test.
The analysis proceeded in three steps.

The first step compared case mix and prevalence between the cardiology and general practice
pathways. The difference was expressed as the odds ratio for cardiology versus general practice, and
age, sex, recording period (2021 to 2023 or 2024 to 2025) and the risk-factor count were added in
sequence to trace its source. To characterise the two referral populations we also compared three
proportions: a recorded symptom of chest pain, chest tightness or angina; a non-CAD cardiac diagnosis
(atrial fibrillation, valvular disease, heart failure, cardiomyopathy or arrhythmia); and a metabolic
diagnosis (diabetes, hyperuricaemia, fatty liver, obesity or metabolic syndrome). Prevalence was
reported for three referral profiles: symptomatic record; no symptomatic record with multimorbidity; and
no symptomatic record with fewer than two risk factors. The effect of the count was estimated within
each pathway and among patients without a symptomatic record, with interaction tests. If the difference
between pathways could be explained by case mix and the effect of the count was consistent,
subsequent analyses were pooled with pathway as a covariate.

The second step was the primary model: logistic regression with the risk-factor count as a continuous
variable, adjusted for age, sex, pathway and recording period, with standard errors clustered by patient.
Age was modelled with a restricted cubic spline with knots at 40, 59, 70 and 83 years. Departure from
linearity in the count and nonlinearity in age were tested with robust Wald tests. To report absolute
prevalence, predicted probabilities from a model with the count as a categorical variable were marginally
standardised to the covariate distribution of the main analysis population. This gave the adjusted
prevalence at each count and the prevalence difference and ratio relative to zero. Confidence intervals
used the patient-clustered covariance and the delta method (36). Effect modification by age was tested
in two ways. An interaction between continuous age and the count was added to the primary model. The
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same model was then fitted within age groups (below 55, 55 to 64, 65 to 74 and 75 years or older), and
crude prevalence with Wilson 95% confidence intervals was tabulated for each age group by count cell.

The third step examined the individual risk factors and the laboratory bands. The four factors were
estimated in one mutually adjusted model. HbA1c and eGFR bands were analysed as described above.
The symptom record was used as a covariate and as a stratification variable. The age-modification,
laboratory-band and symptom analyses were carried out after the primary result was fixed. They were
specified after the primary result and are reported as exploratory analyses. Sensitivity analyses included
the 2,129 examinations with incomplete pre-test laboratory data (unclassifiable risk factors treated as
not recorded), included patients with prior revascularisation, and restricted the data to 2024 to 2025 with
adjustment for year. Two-sided P below 0.05 was taken as statistically significant; interpretation rests
mainly on effect estimates and their confidence intervals. Analyses used Python with statsmodels;
scripts, variable definitions and aggregate outputs are archived locally.

Use of Large Language Models

Large language models (Anthropic Claude and OpenAI Codex) were used, under the authors’ direction,
for code drafting, checking of statistical implementation, verification of reference metadata against
PubMed and Crossref, and manuscript drafting and translation. No patient-level data were entered into
any such tool. All 38 rule-unclassifiable reports were adjudicated by an investigator, and all 150
validation reports were read by the two general practitioners. As an internal quality check only, a large
language model had earlier re-read the 400 sampled reports and agreed with the rule in 397; this result
was not used as validation evidence. The authors reviewed and take responsibility for all text, citations
and analyses.

Ethics Approval

The study used de-identified hospital data, and no patient-level data left the hospital-authorised local
environment. Ethics approval and the consent waiver are stated in the Declarations.

Results
Participants

After the exclusions described above, the main analysis population comprised 5,225 examinations in
5,225 different patients (n = 5,225), of which 1,018 (19.5%) showed obstructive CAD on CCTA. Mean age
was 62.8 years (SD 12.9); 25.2%, 27.4%, 27.0% and 20.4% of patients were aged below 55, 55 to 64, 65 to
74 and 75 years or older, and 2,850 (54.5%) were men. The risk-factor count was 0, 1, 2, 3 and 4 in 14.6%,
34.5%, 34.6%, 15.0% and 1.2% of examinations. Cardiometabolic multimorbidity was present in 2,655
patients (50.8%), and 1,243 (23.8%) had a recorded symptom of chest pain or angina. Patients with
obstructive CAD were older, more often men, and more often positive for each of the four risk factors
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(Table 1). The 2,129 examinations excluded for incomplete pre-test laboratory data had an obstructive
CAD prevalence of 20.0%, similar to the main analysis population.

Table 1
Characteristics and recorded risk factors by CCTA result

Characteristic Total (n = 
5,225)

Non-obstructive (n = 
4,207)

Obstructive (n = 
1,018)

Age, years 62.8 ± 12.9 61.3 ± 13.0 69.0 ± 10.7

Men 2,850 (54.5) 2,189 (52.0) 661 (64.9)

Hypertension 3,153 (60.3) 2,403 (57.1) 750 (73.7)

Diabetes 1,544 (29.5) 1,037 (24.6) 507 (49.8)

Dyslipidaemia 3,080 (58.9) 2,437 (57.9) 643 (63.2)

Renal impairment 246 (4.7) 157 (3.7) 89 (8.7)

Risk-factor count 1.54 ± 0.96 1.43 ± 0.93 1.95 ± 0.95

Recorded chest pain or
angina

1,243 (23.8) 925 (22.0) 318 (31.2)

Values are mean ± SD or n (%). Risk factors were classified from admission diagnoses and laboratory
results within 30 days before CCTA.

Validation of outcome ascertainment

Of the 150 validation reports, the two readers agreed independently on 139 of 149 (93.3%; one report
was left unrated by one reader), with a kappa of 0.87. The 11 discordant or unrated reports all reached
consensus on joint reading. Against the consensus, the text rule agreed on 149 of 150 (99.3%), kappa
0.99; sensitivity was 100% (74/74; 95% CI 95.1 to 100%) and specificity 98.7% (75/76; 95% CI 92.9 to
100%). The single disagreement was a report describing a left anterior descending stenosis of “about
50%”, which the rule classified as positive and the readers, by consensus, as negative.

Cardiology and general practice pathways

Of the 7,354 first-evaluation examinations, 6,044 came through cardiology and 1,310 through general
practice, with crude prevalence of 19.8% and 18.6%. In the main analysis population the figures were
19.8% and 18.1%, a difference that was not statistically significant (odds ratio for cardiology versus
general practice 1.12, 95% CI 0.93 to 1.34, P = 0.24; 1.05, 0.87 to 1.27, after adjustment for age and sex).
The referral populations differed (Table 2). General practice patients were slightly younger: 27.4% were
under 55 (cardiology 23.8%) and 15.7% were 75 or older (cardiology 22.2%). Cardiology patients more
often had recorded hypertension (61.7% vs 53.0%) and renal impairment (4.5% vs 3.2%); general practice
patients more often had diabetes (29.7% vs 25.3%) and dyslipidaemia (50.6% vs 46.7%); multimorbidity
was similar (43.6% vs 43.0%). A symptom of chest pain, chest tightness or angina was recorded in 24.0%
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of cardiology and 17.9% of general practice patients. A non-CAD cardiac diagnosis such as atrial
fibrillation, valvular disease or heart failure was recorded in 38.6% of cardiology patients but only 13.7%
of general practice patients. Metabolic diagnoses were similar (35.3% vs 37.0%). By referral profile,
patients with no symptomatic record and multimorbidity made up 43.1% of the general practice pathway
(cardiology 39.1%), and patients with a symptomatic record 17.2% (cardiology 25.2%). Among patients
with a symptomatic record, prevalence was 27.0% in cardiology and 16.2% in general practice. Among
those without, it was similar in the two pathways: 22.7% vs 24.2% with multimorbidity, and 11.5% vs
12.3% with fewer than two risk factors. The per-factor odds ratio was 1.71 (95% CI 1.56 to 1.86) in
cardiology and 1.72 (1.41 to 2.10) in general practice, interaction P = 0.92; among patients without a
symptomatic record it was 1.65 (1.49 to 1.84) and 1.75 (1.41 to 2.18). Cardiology therefore mainly saw
symptomatic referrals and work-up of other cardiac disease, and general practice mainly saw
asymptomatic multimorbid patients. Because prevalence was similar and the effect of the count was the
same, the subsequent analyses were pooled across the 5,225 examinations with pathway as a covariate.

Table 2
Case mix of the cardiology and general practice pathways (7,354 first-evaluation examinations)

Characteristic Cardiology (n = 
6,044)

General practice (n = 
1,310)

Age, years 63.4 ± 13.1 62.1 ± 11.9

Age below 55 years 1,436 (23.8) 359 (27.4)

Age 75 years or older 1,343 (22.2) 206 (15.7)

Men 3,278 (54.2) 724 (55.3)

Hypertension 3,730 (61.7) 694 (53.0)

Diabetes 1,529 (25.3) 389 (29.7)

Dyslipidaemia 2,822 (46.7) 663 (50.6)

Renal impairment 269 (4.5) 42 (3.2)

Multimorbidity (2 or more factors) 2,636 (43.6) 563 (43.0)

Recorded chest pain, chest tightness or
angina

1,449 (24.0) 235 (17.9)

Non-CAD cardiac diagnosis 2,335 (38.6) 180 (13.7)

Metabolic diagnosis 2,133 (35.3) 485 (37.0)

Incomplete pre-test laboratory data 1,758 (29.1) 371 (28.3)

Obstructive CAD on CCTA 1,199 (19.8) 244 (18.6)

Values are mean ± SD or n (%). Counts were derived from proportions and totals; the last digit follows the
source tables. Risk factors were classified from admission diagnoses and laboratory results within 30
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days before CCTA; for patients with incomplete laboratory data, an unclassifiable factor was treated as
not recorded. Non-CAD cardiac diagnosis: atrial fibrillation, valvular disease, heart failure,
cardiomyopathy or arrhythmia. Metabolic diagnosis: diabetes, hyperuricaemia, fatty liver, obesity or
metabolic syndrome.

Dose-response relationship between the risk-factor count and obstructive CAD

There were 765, 1,805, 1,810, 782 and 63 examinations with 0, 1, 2, 3 and 4 risk factors, with 63, 262, 385,
275 and 33 cases of obstructive CAD; crude prevalence rose from 8.2% to 52.4%. The adjusted odds
ratio per additional risk factor was 1.70 (95% CI 1.57 to 1.84). The test for departure from linearity in the
count gave P = 0.614; nonlinearity in age gave P = 0.029, and the age spline was retained in all
subsequent models. Adjusted prevalence at 0 to 4 risk factors was 9.2%, 15.1%, 20.9%, 31.9% and 43.9%
(Table 3, Fig. 2). Relative to no risk factor, four risk factors carried a prevalence difference of 34.7
percentage points (95% CI 22.4 to 47.0) and a prevalence ratio of 4.78 (3.34 to 6.84).

Table 3
Crude and adjusted prevalence of obstructive CAD by risk-factor count

Risk-factor
count

Examinations Obstructive CAD, n (crude
%)

Adjusted prevalence, % (95%
CI)

0 765 63 (8.2) 9.19 (7.30 to 11.50)

1 1,805 262 (14.5) 15.06 (13.50 to 16.77)

2 1,810 385 (21.3) 20.87 (19.14 to 22.71)

3 782 275 (35.2) 31.93 (28.94 to 35.08)

4 63 33 (52.4) 43.90 (32.39 to 56.11)

Adjusted prevalence was obtained by marginal standardisation of a model with the count as a
categorical variable, an age spline, sex, pathway and recording period to the main analysis population;
confidence intervals used the patient-clustered robust delta method.

Age modification of the dose-response relationship

The interaction between age and the risk-factor count was statistically significant (robust Wald P < 
0.001) with a negative coefficient. By age group, the adjusted odds ratio per additional risk factor fell
from 2.20 (95% CI 1.73 to 2.80) below 55 years to 2.02 (1.70 to 2.41) at 55 to 64 and 1.57 (1.37 to 1.80)
at 65 to 74. At 75 years or older it was 1.46 (1.27 to 1.68) (Table 4).

The age difference is more striking in absolute terms (Table 4, Fig. 3). Among 243 patients under 55 with
no recorded risk factor, one (0.4%) had obstructive CAD; with one, two and three risk factors the
prevalence was 5.5%, 10.2% and 19.3%. Among 118 patients aged 75 or older with no recorded risk
factor, 25 (21.2%) had obstructive CAD, and with three risk factors the prevalence was 45.9%. Cells with
four risk factors held 4 to 27 examinations per age group and are not interpreted.
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Table 4
Risk-factor count and obstructive CAD within age groups

Age
group

Examinations Obstructive
CAD, n (%)

0
factors,
%

1 factor,
%

2 factors,
%

3
factors,
%

OR per
factor
(95%
CI)

Below
55
years

1,317 104 (7.9) 0.4
(1/243)

5.5
(26/477)

10.2
(45/443)

19.3
(29/150)

2.20
(1.73
to
2.80)

55 to
64
years

1,431 219 (15.3) 3.8
(8/213)

10.1
(50/496)

17.8
(90/506)

32.0
(65/203)

2.02
(1.70
to
2.41)

65 to
74
years

1,409 348 (24.7) 15.2
(29/191)

18.8
(89/474)

26.1
(128/490)

39.1
(92/235)

1.57
(1.37
to
1.80)

75
years
or
older

1,068 347 (32.5) 21.2
(25/118)

27.1
(97/358)

32.9
(122/371)

45.9
(89/194)

1.46
(1.27
to
1.68)

Models within each age group were adjusted for age (continuous within the group), sex, pathway and
recording period. Cells with four risk factors (4, 13, 19 and 27 examinations) are not shown. Interaction
P < 0.001.

Individual risk factors and laboratory grading

In the mutually adjusted model, diabetes had the strongest association with obstructive CAD (odds ratio
2.41, 95% CI 2.07 to 2.80), followed by hypertension (1.50, 1.28 to 1.76), renal impairment (1.39, 1.03 to
1.88) and dyslipidaemia (1.37, 1.18 to 1.60) (Table 5).

By HbA1c band, prevalence was 10.9%, 16.3%, 30.4% and 39.1% for below 5.7%, 5.7 to 6.4%, 6.5 to 7.9%
and 8.0% or higher. After adjustment for age, sex, pathway and recording period, the odds ratios relative
to the lowest band were 1.32 (1.07 to 1.64), 2.71 (2.14 to 3.44) and 4.41 (3.28 to 5.92). After further
adjustment for the risk-factor count, the odds ratio for HbA1c of 8.0% or higher remained 2.65, indicating
that among patients with diabetes, worse glycaemic control went with higher prevalence. By eGFR band,
prevalence was 15.6%, 27.5% and 35.0% for 90 or higher, 60 to 89 and below 60 mL/min/1.73 m². After
adjustment, 60 to 89 did not differ from 90 or higher (odds ratio 1.16, 0.96 to 1.39), whereas below 60
carried an odds ratio of 1.64 (1.18 to 2.27): 1.62 (1.13 to 2.31) for 45 to 59 and 1.72 (0.91 to 3.23, 58
examinations only) for below 45. HbA1c and eGFR bands were associated with prevalence within every
age group, and the relative gradient was steeper in younger patients (Fig. 4).
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Table 5
Individual risk factors and laboratory bands in relation to obstructive CAD

Variable Examinations, n
(%)

Prevalence,
%

Adjusted OR
(95% CI)

OR after adding
the count

Hypertension (mutually
adjusted)

3,153 (60.3) 23.8 1.50 (1.28 to
1.76)

 

Diabetes (mutually
adjusted)

1,544 (29.5) 32.8 2.41 (2.07 to
2.80)

 

Dyslipidaemia (mutually
adjusted)

3,080 (58.9) 20.9 1.37 (1.18 to
1.60)

 

Renal impairment
(mutually adjusted)

246 (4.7) 36.2 1.39 (1.03 to
1.88)

 

HbA1c below 5.7% 1,200 (23.2) 10.9 1 (reference)  

HbA1c 5.7 to 6.4% 2,643 (51.1) 16.3 1.32 (1.07 to
1.64)

1.27

HbA1c 6.5 to 7.9% 967 (18.7) 30.4 2.71 (2.14 to
3.44)

1.68

HbA1c 8.0% or higher 363 (7.0) 39.1 4.41 (3.28 to
5.92)

2.65

eGFR 90 or higher 3,662 (70.1) 15.6 1 (reference)  

eGFR 60 to 89 1,326 (25.4) 27.5 1.16 (0.96 to
1.39)

1.13

eGFR below 60 237 (4.5) 35.0 1.64 (1.18 to
2.27)

 

of which 45 to 59 179 (3.4) 35.2 1.62 (1.13 to
2.31)

0.82

of which below 45 58 (1.1) 34.5 1.72 (0.91 to
3.23)

0.83

The four risk factors were entered in one model adjusted for the age spline, sex, pathway and recording
period. Laboratory-band models used the same covariates; percentages use patients with the relevant
result as denominator (HbA1c 5,173; eGFR 5,225). eGFR below 60 is itself a criterion for renal
impairment, so its odds ratio after adding the count has no independent meaning. eGFR in mL/min/1.73
m².

Symptom records

Prevalence was 25.6% in the 1,243 examinations with a recorded symptom of chest pain, chest tightness
or angina and 17.6% in those without. Adjusted for age, sex, pathway, recording period and the risk-factor
count, the odds ratio for a symptom record was 2.06 (95% CI 1.74 to 2.43). The per-factor odds ratio
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pointed the same way with (1.90, 1.63 to 2.21) and without (1.66, 1.51 to 1.83) a symptom record,
interaction P = 0.125.

Sensitivity analyses

Including the 2,129 examinations with incomplete pre-test laboratory data (7,354 examinations,
unclassifiable factors treated as not recorded), the per-factor odds ratio was 1.66 (95% CI 1.56 to 1.78).
In the 5,764 examinations with complete laboratory data including prior revascularisation, it was 1.72
(1.60 to 1.85) with an age by count interaction P < 0.001. Restricted to 2024 to 2025 with adjustment for
year (4,741 examinations), it was 1.69 (1.56 to 1.83). All analyses pointed in the same direction.

Discussion
Main findings

In 5,225 first-evaluation CCTA examinations, the number of cardiometabolic risk factors recorded before
the scan showed a clear dose-response relationship with obstructive CAD, and that relationship
weakened with age. Each additional factor roughly doubled the odds in patients under 55 and raised
them by about half at 75 or older. Patients under 55 with no recorded risk factor almost never had
obstructive disease (0.4%), whereas one in five of those aged 75 or older with an equally clean record
did. HbA1c and eGFR refined the picture. Prevalence was 3.6 times higher with HbA1c of 8.0% or above
than below 5.7%, and 2.2 times higher with eGFR below 60 than at 90 or above. The cardiology and
general practice pathways served different populations, yet prevalence and the effect of the count were
the same.

Comparison with previous studies

The age dependence of the discriminating value of risk factors agrees with evidence from elsewhere.
Only 1.8% of symptomatic patients aged 18 to 45 had stenosis of 50% or more (18). Young patients with
no risk factors have very low coronary event rates, whereas those with three or more have rates many
times higher (19). Our 0.4% prevalence in patients under 55 with no recorded risk factor sits in the same
range. The 19.3% seen with three risk factors shows how wide the discriminating span is in younger
patients. CONFIRM had already reported that the prognostic meaning of CCTA findings differs by age
and sex (16). A recent large registry found obstructive disease to predict events in both younger and
older patients (20). Plaque burden in Chinese CCTA patients increases nonlinearly with age (21), which is
consistent with the steadily rising prevalence we saw in older patients even at zero recorded risk factors.
In 11,234 Chinese CCTA patients the prevalence of obstructive CAD was 16.9%, and current pre-test
probability models underestimated it in the young (22); our 19.5% in the first-evaluation population is
close.

The prevalence we observed in the general practice pathway is also close to that reported from primary
care in Sweden. Among 483 patients referred directly from primary health care centres for chest pain or
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dyspnoea, suspected significant stenosis was found in 18% (30). In our general practice pathway it was
18.6% overall and 18.1% in the main analysis population. The Swedish study asked whether general
practitioners’ pre-test probability estimates matched the CCTA yield. We asked a complementary
question: how much the risk factors already in the chart tell the referring physician, and whether that
information means the same thing at 45 as at 80.

The size of each factor’s association matches earlier reports. In CONFIRM, obstructive CAD was found in
37% of patients with diabetes and 27% without (11); we found 32.8% and 13.9%. Hypertension is
associated with the extent and severity of coronary atherosclerosis (10), reduced kidney function
independently predicts adverse events in CCTA populations (12), and metabolic phenotypes relate to
CAD and events (13). The HbA1c gradient extends these results: prediabetes was already associated
with higher prevalence, and poorly controlled diabetes carried far higher risk than well-controlled
diabetes. Our position differs from that of pre-test probability models. CONFIRM and the recent clinical
likelihood models use symptoms, calcium scores and other inputs and have been externally validated
(17, 23). Our question is upstream of those models: how much discrimination the chart alone provides,
by age and by laboratory band, before calcium scoring or structured symptom assessment is added. A
triage threshold would build on that information rather than replace it. Imaging studies built on CKM
staging generally need fuller information (14, 15); a four-item count and two laboratory bands are
simpler, but closer to what most hospitals can take from the chart at once.

Why two pathways, and what differed between them

We started from a general practice perspective and used cardiology as the reference pathway for two
reasons. General practitioners mostly see multimorbid patients without typical cardiovascular
symptoms, and what they can act on is the risk-factor record in the chart. Our question was how much
that record tells them about the CCTA result. Cardiology orders the most CCTA at this hospital, its
patients are mostly referred for symptoms, and their pre-test probability is higher. If the relationship
between risk factors and CCTA findings is the same on a high-probability pathway and a low-probability
one, the relationship does not depend on the referral population and pooling is justified.

The referral populations did differ. Cardiology patients more often had a symptom record, were more
often scanned to work up atrial fibrillation, valvular disease or heart failure, were older and more often
had recorded hypertension. General practice patients were younger, more often asymptomatic and
multimorbid, and more often had diabetes and dyslipidaemia. Among patients with a symptom record,
prevalence was higher in cardiology than in general practice, consistent with cardiology “chest pain”
being more often typical angina. Among patients without a symptom record, prevalence was similar in
the two pathways, overall prevalence was similar, and the effect of the count was the same in both
pathways and among asymptomatic patients. In other words, the higher pre-test probability of cardiology
raised prevalence among its symptomatic referrals but did not change the relationship between risk
factors and CCTA findings. This supports pooling, and it also means that general practitioners can read
the risk-factor record by the same standard as cardiologists.
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Implications for general practice

Four points follow. First, risk-factor review should be read by age. In younger patients, the presence and
number of recorded risk factors discriminates strongly: obstructive disease is rare with none and
approaches one in five with three. In older patients, one in five has obstructive disease even with no
recorded risk factor, and a clean chart should not lower vigilance. Second, laboratory levels separate risk
more finely than the presence or absence of a diagnosis. Diabetes was the strongest single factor, and
HbA1c of 8.0% or higher carried far higher risk than well-controlled disease. eGFR below 60 was already
associated with higher prevalence, whereas 60 to 89 was not. Third, about three in ten patients lacked
the laboratory results needed to classify their risk factors within 30 days before CCTA. Their prevalence
was similar to that of patients with complete results, so pre-test metabolic and renal assessment has
room to improve. Fourth, a recorded symptom of chest pain or angina went with higher prevalence, and
symptoms and risk factors should be weighed together. These four points describe what the chart
already tells the referring physician. Whether acting on them changes referral decisions or outcomes is
the question for a prospective comparison with current practice.

Methodological considerations

Classifying risk factors only from pre-test diagnoses and laboratory results avoided work-up bias, in
which the CCTA result feeds back into what gets recorded (40). The price was the exclusion of about
three in ten patients for missing pre-test laboratory data. Their prevalence was similar to that of the main
analysis population, and including them moved the per-factor odds ratio from 1.70 to 1.66, so this
exclusion did not shape the result. The age-modification, laboratory-band and symptom analyses were
specified after the primary result and are reported as exploratory. Three features argue that the age
interaction is real rather than a product of multiplicity: it was significant both in the main analysis
population and in the population including prior revascularisation, the age-group odds ratios declined
monotonically, and every age group held more than 1,000 examinations. Excluding prior
revascularisation brought the main analysis population closer to the setting in which patients without
known CAD are assessed. Because diagnostic codes have limited sensitivity and measured
multimorbidity depends on the data source (33, 34), we counted patients who met laboratory thresholds
as positive alongside those with a diagnosis. Adjusted prevalence conveys absolute magnitude to
clinical readers more readily than odds ratios, with confidence intervals conditional on the covariate
distribution of the main analysis population (36).

Limitations

First, the outcome was taken from the formal CCTA report. The classification rule was validated on 150
reports by two physicians reading blind and reaching consensus, with 99% agreement, but the validation
used report text alone and did not revisit the images. The stenosis grade on CCTA does not fully agree
with invasive angiography and loses specificity in advanced chronic kidney disease, which is inherent to
the method (28, 29). Our outcome is the stenosis described on CCTA and was not confirmed by
angiography. Second, the low prevalence in young patients without risk factors may partly reflect referral
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selection: most of these patients were scanned for symptoms, and the finding cannot be extrapolated to
asymptomatic populations. Third, smoking, body mass index, complete medication data and coronary
calcium scores were incompletely recorded, and symptoms were captured only as diagnostic records.
The four-item count is deliberately restricted to what the chart records before the scan; it is not a full risk
score, and confounding by unmeasured factors remains. Fourth, the data come from one hospital and
only from the general practice and cardiology pathways, which account for most but not all CCTA there.
More than 80% of examinations came through cardiology, all examinations from 2021 to 2023 came
through general practice, and recording period therefore partly overlaps with pathway. The process by
which data come to be recorded may itself introduce selection bias (35). Fifth, a single eGFR below 60
counted as renal impairment, but without records spanning three months it cannot be equated with
chronic kidney disease (39). A single HbA1c of 6.5% or higher counted as diabetes but likewise does not
replace a clinical diagnosis. Sixth, the design was cross-sectional without follow-up, and no inference
about later events, causation or clinical benefit is possible.

Future research

Radiologists could revisit the original images for a subset of validation reports to assess agreement
between report text and images. The age modification and the added value of laboratory grading need
testing in an independent population under a pre-specified hypothesis. Their incremental value for pre-
test decisions should be assessed alongside symptoms and calcium scores. A prospective study could
then test whether presenting the risk-factor record, HbA1c and eGFR by age improves the completeness
of risk-factor assessment and the rate of attendance for follow-up.

Conclusions
This study asked whether, in first-evaluation patients undergoing CCTA, the number of cardiometabolic
risk factors recorded before the scan shows a dose-response relationship with obstructive CAD, whether
age modifies that relationship, whether HbA1c and eGFR levels separate risk further, and whether the
cardiology and general practice pathways can be analysed together.

Across 5,225 CCTA examinations we first compared the two pathways using their case mix, prevalence
and per-pathway odds ratios, and found different referral populations but similar prevalence and the
same effect of the count. In the pooled population we used patient-clustered logistic regression,
interaction testing, age stratification, laboratory grading and marginal standardisation, checked against
sensitivity analyses that included incomplete laboratory data, prior revascularisation and a restricted
recording period. These analyses showed a per-factor odds ratio of about 1.70, with adjusted prevalence
rising from about 9% with no risk factor to about 44% with four. The relationship weakened with age: the
per-factor odds ratio was 2.20 below 55 years and 1.46 at 75 or older. Prevalence with no recorded risk
factor was 0.4% below 55 and 21.2% at 75 or older. HbA1c of 8.0% or higher and eGFR below 60
mL/min/1.73 m² carried adjusted odds ratios of 4.41 and 1.64. Risk-factor review therefore
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discriminates most in younger patients, should be weighed against age as the baseline risk in older
patients, and should use glycaemic control and eGFR to identify those at highest risk.
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Figure 1

Flow of examinations into the main analysis population. CAD, coronary artery disease; CCTA, coronary
computed tomography angiography.
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Figure 2

Adjusted prevalence of obstructive CAD on CCTA by number of recorded cardiometabolic risk factors.
Circles show adjusted prevalence with 95% confidence intervals from marginal standardisation to the
main analysis population; open squares show crude prevalence; the line is a visual guide only.
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Figure 3

Crude prevalence of obstructive CAD on CCTA by number of recorded cardiometabolic risk factors within
age groups. Error bars are Wilson 95% confidence intervals; cells with fewer than 30 examinations are
not shown.
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Figure 4

Crude prevalence of obstructive CAD on CCTA by HbA1c band (a) and eGFR band (b) within age groups.
Cells with fewer than 30 examinations are not shown. eGFR in mL/min/1.73 m².
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