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Underlying disease risk among
patients with fatigue:

a population-based cohort study In
primary care
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Fatigue in Practice

Fatigue = common & non-specific symptom
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~1 in 15 GP consultations

Common causes: depression, insomnia, thyroid, anemia

Often difficult to triage in primary care

NICE: CBC, TSH, glucose; no routine cancer screening unless red
flags
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Current Limitations
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Guidelines list many causes, but:

Lack risk prioritization

No population-based, multi-disease risk ranking
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§tudy Purpose

Estimate 12-month risk of 237 diseases after
fatigue

Compare to symptom controls and general
population

Stratify by age and sex

Provide actionable data to improve clinical
decision-making

Monday, April 21, 2025
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Study Design

Retrospective population-based cohort
study

Setting: UK primary care (2007-2017)
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Aim: Estimate 12-month risk of 237
diseases

Comparison groups: symptom-matched &
general population
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Data Sources

mad CPRD GOLD: primary care data

mmet  HES: hospital admission & diagnostic codes

sl  NCRAS: national cancer registry

ma  Linked via NHS patient identifiers
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l‘i‘atigue Cohort

First fatigue
code within
study period

Aged 30-99
EELS

No fatigue in >12 months of

prior 12 months follow-up

Excluded if
recent cancer or
palliative care
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Comparator Groups

Symptom-matched
controls: e.g. Matched by age,
cough, headache, sex, practice, year
dizziness

Three groups:
fatigue, symptom-
matched, general

population

General population
comparator: no
fatigue

\EIRMEREIWANIN
symptom-matched
controls
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Patients who presented with fatigue Patients who presented without fatigue Registered patients

Random sample with 21 year follow-up
in CPRD, 2007 - Oct 2021*

n=1000 000 patients
n =235 094 430 presentations

n =559 615 patients 2
— el 11 =
n = 223 637 550 records R 240D26 ittty

21 fatigue record:

* between 2007 and 2017
» while aged 30-99 years

21 presentation:

21 day at a registered practice:
* between Jul 2011 and Jul 2012
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» between 2007 and 2017 )
=

« with >2 years CPRD follow-up
before
n =309 312 patients
n =480 154 records

* while aged 30-99 years
+ with >2 years CPRD follow-up
before
n =440 386 patients
n=11456 880 records

» while aged 30-99 years
» with >2 years CPRD follow-up
before
n=759 904 patients

n = 4398 patients
n=134061records n=16714 patients
n=1001334 records
21 fatigue record without an
‘ineligible’ fatigue record <2 years
before (‘new onset fatigue')®
n =304 914 patients

n=346 093 records

21 presentation without a fatigue
record <2 years before/ same day
n =423 671 patients
n =10 455 546 records

Patients with fatigue allowed

Index date =random

Index date = first Index date = random

new-onset fatigue ‘non-fatigue' day with or withouta
d Disease-free resentation Disease-free presentation, and
e P with or without a

cohorts© cohorts®

previous fatigue record

For example, For example,
no previous no previous
diagnosis of lung diagnosis of UTI

For example, For example,
no previous no previous
diagnosis of lung diagnosis of UTI

For example, For example,
no previous no previous

diagnosis of lung diagnosis of UTI
cancer before before index
index date (ever) date (<2 years)
n =303 812 patients n =269 151 patients

cancer before before index date
index date (ever) (<2 years)
n=758 520 patients n=710 924 patients

cancer before before index date
index date (ever) (<2 years)
n =422 805 patients n =394 049 patients
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l‘%llow-Up & Index Date

Index date = fatigue consultation
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12-month follow-up

Time to diagnosis recorded
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‘Statistical Methods
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Absolute Risk (AR), Absolute Excess Risk (AER)

Poisson regression with robust SE

Stratified by sex

Age modeled using natural cubic splines
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Overview of Diagnoses

med  Diagnoses covered 237 diseases
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Most common post-fatigue diagnoses:

=l - Infections, Psychiatric disorders

e - Musculoskeletal and Cardiovascular conditions

s Mix Of serious and benign conditions




Results
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étudy Cohorts

309,312 patients presented with fatigue (2007-
2017)

Matched 1:1 with symptom-control group (non-
fatigue symptoms)

Median age: 58 years; 66% female

Follow-up: 12 months for 237 diagnoses

Monday, April 21, 2025

[16])
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Absolute vs. Excess Risk

AR = % of fatigue patients diagnosed
AER = AR_fatigue — AR_controls
AER highlights risk truly elevated by fatigue

Helps prioritize differential diagnoses
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Table 1. Demographic characteristics of study cohorts®

Fatigue group Non-fatigue group Registered patients

Characteristic n o n o n a
Age group, years LN
30-39 13313 13.20 2 W2 1638 102 064 2116 g
A5 19285 1312 44783 22528 47 m\s 2320 o
50-59 20742 1aay 43463 2063 59985 18.62 —
60-69 ™ 534 1936 43347 2057 5T 440 1528 o
- Y6 838 ¥6.59 25245 1287 36743 a.74 E
80-89 10336 1025 mnam 610 ™ 245 512 Q
=9 1433 142 L FE] (.43 ERFn (.43 <
Ag e, years, medan 58 — 55 — 49 — (%:
Previous disgn ases -8
Any desparse studied a2 M2 .49 164 835 4402 FIERL 296 o
Berign neapla sl 5260 5.21 T84 3.65 W 220 272 =
Cancers arhe 844 arrz 4.94 14 748 394

Dimeases af the cardiovasaular system 38437 38.10 5499 2829 78 31 2084

Dimeames af the ciroulatary systemn %6 8480 1673 =JELT] 9.87 2895 769

Diseases of the digestive system 39157 EL . o313 281 85005 22 6

Dimeates al the ear 149848 14.86 20 9046 10.66 29239 ra

Diseases of the endagine system 14436 141 354 .47 26559 rar

Diseases af the eyve 16528 1538 £3093 10¥ 32608 458

Dimesses af the genitoudnary systern 35 543 3522 50 257 2562 72 804 1937

Diseases of the respimtory system 32951 EFL L 48939 2495 L 20067

Hasrmatologalimmunalogical conditiors 10782 .59 10 855 553 ¥ 058 4.7

I e thou s clisiearies 2THZZ 58 33386 T2 56 034 14.91

Mental health dsamders EERI LT 327 43 987 2242 f2eeh 192

M b ked etad aond ithons 45 47 4502 i 993 3618 LR £ 00

Heurdlagical canditians 13369 1325 Tr 6648 am FLETE T34

Lhan conditions 33 8084 1259 Lag52 2755 830494 22%

Subsequent diagnoses

Ay despane studied G408 LER L 78 945 4024 n¥ a4 ERF

Bemign meopl asmuCiM 1730 138 1529 o8 £150 (VT

Cancen 2680 266 14974 1.0 ERE L ]

Diseases of the cardarvasaular system a5 1849 Lo .07 2T 465 [l
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Women

Fatigue group Non-fatigue group Registered patients

n 0 n o n 0
42 26 207 40415 17T 999480 2603
47523 234 50312 2212 653 084 2085
35931 18.70 a3 472 ®\n 66 349 1T2r
28 86T 1415 47 641 18.30 LF 259 1497
26477 12948 2B 725 1263 41 585 1083
18235 894 18307 8.05% 30248 TAar
AT54 184 L LA 2103 A5 224

52 - 54 - 51 -
LEFEE 941 203 Td4 Ha54 325963 H484
22 544 nas 21637 | Ry 8T
15645 r68 16307 rar 25 N3 65
52 924 2594 S5 Ta4 2452 a0 92T 21.07
20313 996 17 843 773 27 047 T7.05
hERIEES ELR G350 &raz 93 280 2429
2342 1134 21553 47 30053 P F
37 353 W\ 32349 .22 48 247 1256
29728 14.57 29 748 13.04 43 7 1140
79 463 395 T4 078 3254 W4 916 28.36
G799 EEREE! G1957 2723 94208 2453
35 461 1738 27 560 14N 41397 1078
76 028 1726 61226 2691 102 393 2666
BETTG 4253 k- L .45 Mg27r 281
H8 438 4334 area3 3855 123 4 ERNE]
38 947 19049 34 300 15.08 52930 QERY!
76676 3754 51 3302 1 225 2870
131853 G462 W4 520 4594 157 894 Eill
3958 194 2854 1.25 4304 112
23948 147 2159 95 E =R 103
22457 1110 17 478 | eI .20

.. Corinued

N
N
o
N
D
o
=
a
<
=
©
)
c
o
=




Table 2. Excess risk of cancer and diseases with >1% AER in men or women who presented with

fatigue compared with patients who did not present with fatigue, ranked by AER

Overall absolute
Overall absolute risk® in the Overall AER" in Rank
risk in the fatigue non-fatigue the fatigue group of Included
up, roup, versus non-fatigue overall in current
Disease % ?g-g% i) % (95% Cl) group, % AER® guidelines®
Men
Depression 3.21(3.09t0 3.33) 0.83 (0.77 to 0.9) 238 1 Yes
Lower RTls 5.55(5.40 to 5.70) 3.26(3.15 to 3.38) 2.28 2 Yes
Hypertension 5.09 (4.93 to 5.26) 2.91(2.79 to 3.04) 218 3 Mo
Insemnia and sleep disturbances 2.55 (2.45 to 2.66) 0.70 (0.64 to 0.76) 1.85 B Yes
Ear and upper RTls 496 (4.82 to 5.10) 316 (3.05 to 3.28) 1.79 5 Yes
UTls 321(310t0332) 171 (163 t0 1.8) 1.49 5 No
all cancers combined 259 (249to 2.70) 116 (1.09 to 1.23) 143 7 Yes
Other or unspecified infectious 256 (2.47 to 2.68) 1.30(1.23 to 1.37) 1.26 8 Yes
organisms
Other anaemias 168 (1.6 to 1.76) 0.43 (039 to 0.47) 125 9 Yes
Erectile dysfunction 212 (202 to 2.22) 0.93 (0.86 to 0.99) 119 10 Mo
Chronic kidney disease 212 (2.02 to 2.21) 0.98 (0.92 to 1.04) 114 11 Yes
Anxiety disorders 153 (1.45 to 1.62) 0.48 (0.44 to 0.53) 1.05 12 Yes
Diabetes 1.82 (1.73 to 1.97) 0.78 (0.73 to 0.84) 1.04 13 Yes
Connective and soft tissue disorders 290 (2.78 to 3.02) 1.88 (1.78 to 1.98) 1.02 14 Yes
Women
Depression 364 (3.5410373) 1.28 (1.22t0 1.33) 236 1 Yes
UTls 6.66 (654 to 6.78) 442 (432to452) 2.24 F Mo
Ear and upper RTls 6.64 (6.52 to 6.76) 454 (4.45 to 4.64) 2.0 3 Yes
Hypo or hyperthyroidism 243 (2.36to25) 0.67 (0.63 to 0.71) 1.76 4 Yes
Lower RTls 4.79 (4.70 to 4.89) 3.28 (319 to 3.36) 1.52 5 Yes
Insomnia and sleep disturbances 2.25(2.18 to 2.32) 0.80 (075 to 0.84) 1.46 B Yes
Anxiety disorders 2.08(2.01t02.15) 0.97 (0.92 to 1.01) 1M 7 Yes
Hypertension 306 (2.98 to 3.15) 1.96 (1.90 to 2.03) 110 B No
Iren deficiency anaemia 1.48 (143t 1.54) 0.42 (039 to 0.44) 1.07 9 Yes
Other anaemias 152 (1.47 to 1.58) 0.48 (0.45 to 0.51) 1.05 10 Yes
Mext 10 diseases with <1% AER - - - - -
not shown
All cancers combined* 142 (1.36 1o 1.47) 0.90 (0.86 to 0.94) 052 21 Yes

*Adjusting for age differences between the fatigue group and non-fatigue group. "Diseases included in current UK diagnostic quidance for fatigue published by
either the MNational Institute for Health and Care Excellence or in BM| Best Practice.** “Cancer is shown for women despite not having an AER >1%. AER = absolute

excess risk. RTI = respiratory tract infection. UT! = urinary tract infection.
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"l‘op Diagnoses in Men

1. Depression —2.38%
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2. Lower RTls — 2.28%

3. Hypertension — 2.18%

sl 4. INsomnia —1.85%

5.UTIs-1.49%
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Top Diagnoses in Women

1. Depression —2.36%

2. UTIs —2.24%
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3. Upper RTIs — 2.10%

4. Thyroid disorders — 1.76%

5. Insomnia — 1.64%




Modelled 1-year disease risk in men at selected ages, by cohort.

a) Aged 40 years b) Aged 60 years < Aged 80 years
Depression L ] Depression - 1ot UTls+ com »i
Menorrhag./polymenor. - v o Ear and upper RTls - v Hypertension L B o
Ear and upper RTls+ - W rot Hypo/hyperthyroid.{ = - CKD+ e e
Hypo/hyperthyroid.{ = = UTls - ot Lower RTls+ - e
UTls+ LI Lower RTIs L o Depression] & =
Iron deficiency anaemia{ = = = Insomn./sleep disturb.{ = Bact. diseases - -
Insomn./sleep disturb.{ = = Hypertension v | e Other anaemias{ & =
Anxiety disorders{ m = Connec. tissue and joint e Cataract 1 - red
Other anaemias{ = = Osteoarthritis (excl spine) L Insomn./sleep disturb.{ = =
Lower RTls+ (N Anxiety disorders - Atrial fibrillation 1 -
Connec. tissue and joint - - Gastro-oes. reflux - Hypo/hyperthyroid.{ = =
PVS/neurasth./fibromyal.{a = CKD{ = = Iron deficiency anaemia{ & =
B12 defic. anaemia{m = Dermatitis C ] All cancers combined{ = wmm
Dermatitis{ = m Diabetes{ = = Osteoarthritis (exclspine){ = = w
Aller./chron. rhinitis{ == Urinary incontinence{ = = CHD NOS{ m=m
Migraine{ == All cancers combined{ mam Ear and upper RTls- - -
Irritable bowel syndromeq{ u = Aller./chron. rhinitis{ = = Anxiety disorders{a =
Gastro-oes. reflux{ mm Other anaemias{ & = Other infect. orgs. =
Dysmenoirhoea{ u= Iron deficiency anaemia{®s = Diverticular diseaseq{ = =
Urinary incontinenceq ma Other infect. orgs.{ == Pneumonitis{ = smm
0 2 4 6 8 0 2 4 6 00 25 50 7.5 10.0 125

Risk, %

-*- Fatigue presenters =* Non-fatigue presenters == Registered patients

Becky White et al. Br J Gen Pract
doi:10.3399/BJGP.2024.0093

IJ[@Y  British Journal of General Practice

bringing research to clinical practice

©2024 by British Journal of General Practice




Modelled 1-year disease risk in women at selected ages, by cohort.

a) Aged 40 years b) Aged 60 years <) Aged 80 years
Depression 1 - ot Hypertension 1 L Hypertension 1 s
Ear and upper RTls LI Depression] = bt Lower RTIs 1 “am
Insomn./sleep disturb.{ == o Ear and upper RTls 1 " o All cancers combined 1 el
Anxiety disorders - ot Lower RTls+ - et UTIs W bed
Lower RTls L Insomn./sleep disturb.{ = soa Other anaemias{ = red
Sleep apnoea] & Erectile dysfunction - o Atrial fibrillation 1 e
Erectile dysfunction] ma e Connec. tissue and joint - e CKD1 L
Hypo/hyperthyroid.{ = Diabetes] = Other infect. orgs. we e
Diabetes] = o All cancers combined]{ "= ves CHD NOS1 e
Connec. tissue and joint e Sleepapnoeai®s W Acute kidney injury 1 LU
Gastro—oes. reflux] m=m e UTls1 = e Bact. diseases e
Hypertension] = Hyperplasia of prostate 1 o4 Hyperplasia of prostate]  wm res
Aller./chron. rhinitis] = e« Anxiety disorders{ & = w Pneumonitis 1 o
PVS/neurasth./fibromyal. {= = Gastro-oes. reflux] = = Pleural effusion] == m
Dermatitis e CKD] = =™ Insomn./sleep disturb.{ = =
Oesophagitis/ulcer] == m Other infect. orgs.] = w Depression] s =
B12 defic. anaemia{® = CHD NOS{ = Heart failure] = ™
Irritable bowel syndrome{ mm= Dermatitis | =& e Stroke NOSq #= =
Other infect. orgs.] am Other anaemias{® ™ Myocardial infarction | #um
Other anaemias{ &= Hypo/hyperthyroid.{» = Ear and upper RTls1 =~
0 2 4 0 2 4 0 5 10
Risk, %

Becky White et al.

Br J Gen Pract

do0i:10.3399/BJGP.2024.0093

-e- Fatigue presenters =+~ Non-fatigue presenters ==~ Registered patients

B¢ British Journal of General Practice

bringing research to clinical practice

©2024 by British Journal of General Practice
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Age-Stratified Results

Risk Younger:
estimates more
at ages 40, psychiatric
60, 80 diagnoses
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Older: more Risk profile
chronic changes
disease and significantly
cancer with age
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éensitivity Analysis

Shorter follow-up periods repeated

Same top diaghoses appeared
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Most occurred within first 3—4 months

Confirms temporal link with fatigue
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Highlight: Cancer Risk

Men: 2.66% (AER = 1.16%)

Women: 1.53% (AER = 0.57%)
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Most cancers within 3—6 months post-fatigue

Highest AER in 80-year-old men




Discussion
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éummary of Findings

>120 diseases with
increased risk in
men, >150 in
women

Large cohort study,
12-month risk
post-fatigue

Risk varies by age Most diagnoses
and sex within 3—4 months

Monday, April 21, 2025
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Clinical Interpretation

Younger patients: psychiatric, minor
infections

Older men: cancer among top 5
diagnoses

Common diseases not prioritized in
guidelines

Monday, April 21, 2025
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Importance of Stratification

Risk profiles differ by age and
sex

Uniform checklist approach
insufficient

Use stratified data for targeted
triage
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Diagnostic Implications

Younger: focus on mental health, anemia,
thyroid
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Older: consider malignancy work-up

Risk-based triage can avoid misdiagnosis
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Value of AER Rankings
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AER HELPS PRIORITIZE E.G., DEPRESSION AER DATA-DRIVEN DECISION-
COMMON DISEASES ~3% (AGE 40), CANCER MAKING TOOL
~3.7% (AGE 80)




|

RRC

Gaps in Current Guidelines

No ranking in NICE or BMJ lists
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High-risk conditions like UTI, HTN not
emphasized

Cancer overemphasized in low-risk groups
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Cancer Triage Implications

Only 16% had red flag
symptoms

Cancer risk still high in older
men

Age should guide triage, not
red flags alone
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Methodological Strengths

md >1.4 million patients
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== Linked national datasets

sl 237 outcomes across systems

maal Matched controls enhance comparison
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Limitations

No fatigue severity/duration data
No biomarkers or imaging
12-month scope only

UK-only dataset

Monday, April 21, 2025
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Lack of Multivariable Adjustment

Adjusted only for age and sex
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No adjustment for BMI, smoking,
comorbidities

Possible uncontrolled confounding

Limits causal interpretation
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Final Conclusion
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Fatigue is
common and
often benign

Risk varies by
age and sex

Guidelines
should adopt
risk-based
approach

AER data
enables
better triage
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