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Challenges in meta-analysis of
published observational studies

Publication bias

— since analysing associations is quick and easy, many probably don’t get
reported

Searching for studies
— not so much standard vocabulary (i.e. as for randomized trials)

Variation in exposure measurement and outcome assessment
Variation in analysis and reporting
Dealing with adjustments for different covariates



Advantages of individual participant
data (IPD) meta-analysis

Harmonisation of exposures and outcomes
Updated follow-up information
Reduction of publication and reporting biases

Consistent analyses, e.g. adjustment for confounders
Exploration of heterogeneity, e.g. resolve controversy
Investigation of interactions (joint effects)

Allowance for measurement error, using serial measurements
of risk factors

Increasingly common

Provides reliable evidence-base



Emerging Risk Factors Collaboration (ERFC)

Individual data collated from observational prospective
epidemiological studies in Western populations

120 studies, 1.2m participants, 10 years average follow-up,
70,000 CVD events

Subsets available for specific risk factors

e.g. fibrinogen, related to inflammation and blood
coagulation, 31 studies, 7000 CHD events

Purpose

To provide estimates of the associations of novel (or under-
investigated) risk factors with CVD, which are reliable and

detailed



Heterogeneity of fibrinogen across studies

Study

Clotting time

ARIC

Bruneck

CHS

Caerphilly

Goteborg 1933
Honolulu Heart

Kuopio IHD

Northwick Park Heart 2
Osaka

PAIS

PRIME

PROCAM

Quebec Cardiovascular
Scottish Heart Health
Strong Heart
Thrombosis Prevention
Whitehall 11

Zutphen Elderly

Clot weight
Framingham

Goteborg 1913
Northwick Park Heart 1

Non-clotting

Copenhagen City Heart
Edinburgh Artery
FINRISK 1992

GRIPS

MONICA - Augsburg 2
MONICA - Augsburg 3
Malmo

Speedwell

VITA

WOSCOPS

Median, interquartile range
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Principal method of analysis

Cox proportional hazards regression
— separately in each study
— stratified by sex
— adjusted for entry age

In each study:

IOg( Skl(tl Si? ))=|Og(h08k( )) ﬂs Sl+ys Si

for each study s =1....,S, with strata k =1,2,
and individuals / =1,...,n_ with exposure of
interest E_; and other covariates X



Random effects meta-analysis

B. = B, +¢.; where &, ~N(O,v,)
B. = B+n.; where n, ~N(0,7°)

This is a 2-step method

1-step method possible only in principle:

log(hy, (t | By, X)) =log(hyg (1)) + BE +7,.X
B. = B+n,; where 7, ~N(0,7°)

Provides a summary of within-study associations



Hazard ratios of CHD per 1 g/L fibrinogen increase,

adjusted for age and sex

n CHD
Study Subjects cases
TPT 22638 1474 -
MALMO 5983 653 ——
ARIC 14436 603 |
CHS 4440 447 —t
COPEN 7763 223 ——
GRIPS 5680 285 ——
SPEED 2034 291 —
WOSCOPS 5698 325 —_—
SHHS 9074 284 —_
STRONG 4020 213 —=
WHITE2 7881 200 ——
CAER 1696 175 —
PRIME 9123 134 —
KIHD 1927 246 ——
FRAM 1227 274 —_
GOTO 606 162 —_—L
NPHSI 2367 174 —_—
EAS 1322 146 ——
PROCAM 9749 150 ——
HONOL 2446 156 ——+—{
NPHSII 2906 129 -—
KORA S2 3506 100 T+
FINRISKI 2026 61 —_——
GOTO33 615 23 :
OSAKA 11467 31 T
VITA 7271 25 +-
PAIS 1074 25 v
QUEBEC 838 25 > :
BRUN 846 29 -
KORA S3 3134 17 :
ZUTE 418 38 v >
Overall (Fsquared = 64.5%, p = 0.000) Q

5s :

Hazard

%

ratio (95% CI) Weight

1.24 (114,
1.47 (133,
1.97 (176,
1.36 (118,
1.63 (139,
1.54 (131,
1.63 (140,
1.30 (111,
1.52 (1.30,
1.25 (104,
1.88 (154,
1.64 (134,
1.65 (1.35,
1.69 (137,
1.79 (144,
1.31 (105,
1.52 (1.20,
1.52 (119,
2.01 (158,
1.19 (091,
1.96 (149,
1.26 (0.95,
1.71 (122,
2.19 (136,
1.92 (117,
1.49 (088,
1.82 (103,
1.38 (0.78,
1.62 (087,
2.62 (139,
3.04 (114,
1.57 (147,

1.36) 555
1.62) 5238
2.21) 518
1.58) 471
1.90) 458
1.80) 453
1.92) 453
1.53) 448
1.79) 448
1.51) 4.0
2.30) 394
2.01) 386
2.02) 386
2.10) 3.72
2.23) 365
1.64) 360
1.93) 341
1.93) 3.36
2.57) 332
1.55) 3.04
2.57) 298
1.67) 2.90
2.40) 234
3.52) 145
3.16) 1.36
2.54) 122
3.21) 1.10
2.44) 109
3.00) 095
4.93) 091
8.10) 042
1.67) 10000

NOTE: Weig hts arefrom random effects ana Iy
I

.5 1 2 4 8
Hazard ratio for CHD per 1 g/L increase in fibrinogen

Fibrinogen Studies Collaboration, JAMA 2005
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Log hazard ratios of CHD per 1 g/L increase in fibrinogen

Meta-analysis Log hazard ratio (SE) |2
Random effects 0.450 (0.033) 0.134 64%
Common effect 0.419 (0.018) - -

Hazard ratios from RE meta-analysis
Overall 1.57 (95% Cl 1.47 to 1.67)
Predictive interval based on t., distribution:

(95% range 1.18 to 2.08)



Is the risk relationship linear?

Visual approach

Hazard ratio (log scale)

2.5

0
o
|

=
ul
|

1.0+

Divide fibrinogen into study-specific fifths

Estimate log hazard ratios in each fifth in each study

Combine these using multivariate RE meta-analysis

Plot these against the mean fibrinogen level in each fifth

Analytical options

% .
% .

T T T T T
25 3 35 45
Mean fibrinogen in fifths (g/L)

Quadratic term
Fractional polynomials

Allowance for
measurement error

10



Choice of exposure scale

Does the log hazard ratio increase:

. Linearly with fibrinogen?
. Linearly with log fibrinogen?
. Linearly with study-specific SD score fibrinogen?
Log hazard ratios 12
per SD increase (SE)
Untransformed fibrinogen 0.294 (0.022) 64%
Log fibrinogen 0.325 (0.025) 65%

Study-specific SD score fibrinogen 0.292 (0.021) 63%
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Covariate adjustment
Iog(hski (t | Esi ’Xsi )) — Iog(hOSk (t)) + IBsEsi + ysXsi

The confounding effects y, are different in each study (2-step
meta-analysis)

Alternatives: Vs =V unrealistic

7o ~N(7,07)  unnecessary
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Overall log hazard ratios of CHD per 1 g/L increase in
fibrinogen: Adjusted for covariates

Adjustment
Age Age, smoking,
chol, SBP, BMI
Overall log HR 0.450 0.320
(SE) (0.033) (0.026)
12 heterogeneity 64% 35%
(95% CI) (48 to 76%) (0 to 58%)

BUT residual confounding from other covariates remains
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Usefulness of consistent adjustment for confounders (Lipids)

Associations with CHD (68 studies, 302,430 participants, 12,785 CHD cases)

Log Triglycerides (mmol/l) HDL-C (mmol/l) Non-HDL-C (mmol/l)
4.0 4.0 4.0
8 3.0 E 3.0 3.0 }
B ) f Pt
g;, 2.0- ; ; 2.0 } %f 20 g {
s i ¢ ii f % t
; 10—% %}»i}iii LSS SO A E ﬁ _____ H 10}11 __________________________

[ [ [
-0.2 0.2 0.6 1.0 0.8 1.2 1.6 2.0 3.0 4.0 5.0 6.0
Mean usual level

——— Age and sex adjusted —¢— Fully adjusted
Fully adjusted: Age, sex, smoking, systolic BP, BMI, diabetes, log TG, HDL, non-HDL

Emerging Risk Factors Collab, JAMA 2009
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Confounders missing in some studies

Hazard ratios of CHD per 1 g/L increase in fibrinogen

Adjustment 31 studies 14 studies
(n =150,000) (n =72,000)

(1) Age 1.57 1.61

(2) + smok, chol, SBP, BMI 1.38 1.44

(3) + HDL, LDL, alcohol, TG, diabetes - 1.35

Bivariate random effects MA of (2) and (3) to ‘fill in the gap’:
Hazard ratio 1.30 (95% CI 1.23 to 1.36)

Jackson et al, Stat Med 2009
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Interactions / joint effects / subgroups

Does the relationship of fibrinogen with risk:
e vary with age or level of BMI?
. depend on how fibrinogen is measured?

. differ between men and women?
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(1) Individual level variables

e.g. Does the association of fibrinogen (E) with risk vary with
the level of BMI (X)?

log(h,, (t | E,, X, ))=log(h, (t))+ L.E, +y. X, +.E X,

o, =0, +1,;, wheren, ~ N(O,Tz)

Summarises the within-study information on interaction

Expresses change in [ log hazard ratio of CHD per 1 g/L
increase in fibrinogen ] per 1 kg/m? increase in BMI

17



Within-study fibrinogen / BMI interaction

CHD Log hazard

Study n cases ratio (95% ClI)

TPT 22638 1474 —_— 0.01(-0.03,0.01)
ARIC 14436 603 —— -0.02(-0.04, 0.00)
MALMO 5983 653 —_— -0.03(-0.06, -0.00)
STRONG 4020 213 —_—— 0.01(-0.04,0.02)
CHS 4440 447 —_—— 0.02(-0.06,0.01)
COPEN 7763 223 — -0.01(-0.05,0.03)
SPEED 2034 291 + t -0.04(-0.09, 0.00)
SHHS 9074 284 : + 0.01 (-0.03, 0.06)
KIHD 1927 246 » t 0.04(-0.09,0.01)
WOSCOPS 5698 325 -~ 0.04(-0.08,0.01)
GRIPS 5680 285 ] 0.04 (-0.01, 0.09)
WHITE2 7881 200 ! 0.01 (-0.04, 0.06)
FRAM 1227 274 t 0.05(-0.10,0.01)
PRIME 9123 134 T -0.01(-0.06, 0.05)
CAER 1696 175 < t 0.04(-0.10,0.01)
EAS 1322 146 . -0.03(-0.08,0.03)
KORA_S2 3506 100 t 0.02 (-0.05, 0.08)
GOTO 606 162 L + 0.01 (-0.06, 0.09)
NPHSII 2906 129 < + ' 0.04(-0.11,0.03)
PROCAM 9749 150 g 0.02(-0.09, 0.06)
NPHSI 2367 174 - 0.01 (-0.07, 0.09)
FINRISKI 2026 61 <€ + L 0.05(-0.13,0.03)
HONOL 2446 156 € s t 0.05(-0.14,0.04)
BRUN 846 29 | —> 0.19 (0.06,0.31)
KORA_S3 3134 17 ¢ — > 0.01(-0.13,0.12)
VITA 7271 25 € ; > 0.03(-0.16,0.11)
PAIS 1074 25 < - > 0.03(-0.18,0.12)
QUEBEC 838 25 <€ — > 0.03(-0.18,0.12)
GOTO33 615 23 ¢ + T 0.06 (-0.22, 0.10)
OSAKA 11467 31 € n v > 0.06 (-0.10, 0.23)
ZUTE 418 38 < - > 0.17(-0.47,0.14)
Overall <> 0.02(-0.02,-0.01)

:
| | | |
-1 -.05 0 05 1

fibrinogen*bmi interaction



(2) Study level variables

e.g. Does the association of fibrinogen (E) with risk vary
with the assay method (2)?

Comparison between studies
Random effects meta-regression
Limited by number of studies

Susceptible to between-study confounding

|Og( Skl(tl Si? ))_Iog( Osk( )) /BS s:+ysXsi
B. = B+ 6,7, +n,; where r, ~N(0,7%)

O is based on between-study information only
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Study-specific log hazard ratios by

assay method

CHD Log hazard

Swudy n cases ratio (%5% Cl)
Clotting time :
TPT 22638 1474 —- 0.37(029,0.45)
ARC 14436 603 |—— 0.492037,0.61}
CHS 4440 447 — 0.26(011,0.41
SHHS 9074 284 —_— 0.32(014,0.49)
STRONG 420 213 ———+ 0.20(001,0.39)
PRME 9123 134 —_—— 0.42(022,0.63)
CAER 1696 175 — 0.34(013,0.55)
WHITE2 781 200 —— 0.43(021,0.64)
KIHD 1927 246 —_— 0.30(007,0.53)
PROCAM 9749 150 —_— 0.58(032,0.84)
HONOL 2446 156 — 0.12(-0.16, 0.40)
NPHSII 2906 129 —_-— 0.56(026,0.85)
GOTOx 615 2B 4 * 0.62(010,1.13)
OSAKA 11467 31 — 0.52(-0.02, 1.06)
QUEBEC 838 5 > 0.32(-0.24, 0.89)
PAIS 1074 25 T 0.48 2-0.12, 10
BRUN 846 A > 0.35(-0.33, 1.0
ZUTE 418 3 + * 1.18(019,2.17)
Subtotal 1% 0.37(031,0.43)
Clot weight :
FRAM 127 274 —_l 0.47(024,0.69)
GOTO 606 162 — 0.13(-0.11, 0.37)
NPHSI 2367 174 —_— 0.35(0.10,0.60)
Subtatal e 0.32(012,0.52)

]
Non-clotting |
MALMO 5983 653 —— 0.18(007,0.28)
COPEN 7763 23 —_— 0.39(023,0.55)
WOSCOPS 5698 5 ——— 0.16(-0.01, 0.33
GRIPS 5680 285 —t 0.22(005,0.38)
SPEED 24 21 —_— 0.38(021,0.55)
EAS 122 146 —_— 0.35(0.10,0.60)
KORA S2 3506 100 —_— 0.08(:0.22, 0.37)
FINRSKI 2026 61 B — 0.30(-0.06, 0.66)
VITA 7211 5 : 0.23(:0.31, 0.78)
KORA_S3 3134 17 4 v 0.60(-0.09, 1.30)
Subtotal < 0.26(018,0.33)

|
Overall < 0.33(028,0.38)

:

T T T T

-5

0 . 5 . 1 15
Log hazard ratio per 1 g/L increase



Fibrinogen — CHD association by assay method

Potential effect modifier* n n Estimate + test
cohorts subjects B (SE) 7/ (df) p
Assay methods 10 (2) 0.006
Clotting time 18 105594 0.373 (0.030)
Clot weight 3 4200  0.319 (0.102)
Non-clotting 10 44417  0.257 (0.037)

*Adjusted for age, smoking, total cholesterol, systolic BP, and body mass index



(3) Mixed variables

sex: Sex; N Cohort = 31, N obs = 154211
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Interaction with sex

(a) Within-study information (o)
Pooling interaction terms as before
All-male / all-female studies do not contribute

(b) Between-study information (0;)
Meta-regression on proportion of women in each study
All studies contribute
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Between-study fibrinogen / sex interaction

1.5
N e ZUTE
S~~~
(o)
—
~ 1.0
)
Q
Q
©
g,
= ® KORA_S3
@ @ GOTO33 _
S @\ FHSI @PROCAMe OSAKA
c 0.5 grais
o IME @HITE2
5 @\PHS 1&%&
.VltHs
o F NI RONG
@KORA_S2
0.0
| | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

Proportion of females

@® Log hazard ratioper 1 g/L. — Meta-regression fit




Fibrinogen / sex interaction

CHD CHD
cases cases Log hazard %
Study N Males Females ratio (95% ClI) Weight
Between study !
BETW 154211 6171 947 —_— 0.9 (-0.12,0.29) 25.99
Subtotal <::> 0.00 (-0.12,0.29) 25.99
|
Within study :
ARIC 14436 386 217 : 0.13(-011,0.38) 17.24
CHS 4440 249 198 : -0.03 (-0.33,0.27) 11.92
COPEN 7763 138 85 : + 0.17 (-0.17,0.50) 9.53
STRONG 4020 115 98 v 0.09 (-0.29, 0.46) 7.52
SHHS 9074 214 70 e 0.12 (-0.28,0.51) 6.80
)

FRAM 1227 156 118 0.25(-019,0.69 5.48
WHITE2 7881 166 34 - 0.10 (-041,0.61) 4.01
EAS 1322 100 46 < > 0.01 (-050,0.53 3.95
KORA_S2 3506 83 17 0.06 (-0.68,0.79) 1.96
FINRISKI 2026 47 14

N\
4

< -0.68 (-1.57,0.20) 1.35
NPHSI 2367 158 16 < -0.19 (-1.10,0.72) 1.27
PROCAM 9749 144 6 < : > 0.43 (069, 1.56) 0.83
BRUN 846 17 12 <—s - -0.38 (-1.72,0.96) 0.58
KORA_S3 3134 9 8 +—> 0.8 (-049,2.22) 0.57
VITA 7271 20 5 < -0.65 (-2.09,0.79) 0.51
OSAKA 11467 28 3 < ’ > 0.90 (-0.65, 2.26) 0.50
Subtotal <<:> 0.09 (-003,0.21) 74.01
[}
Overall = 0.09 (-002,0.19) 100.00
i
1
| | |
-5 5 1

0 .
fibrinogen*sex interaction



Some comments

Usually ignore between-study information when there is lots of

within-s

Inspecting weight given to information within and betwee

udy information (e.g. continuous variables)

studies is useful

N

In principle, within and between study components of interaction

cah be e

stimated in one model, by including the terms:

§sEsi(Xsi _YS)+5BEsi YS
5, =36, +n,; wheren, ~N(0,7°)
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Assessing proportional hazards

Non-proportional hazards can be considered simply as an
interaction with time, based on within-study information alone.

Each study estimates this interaction term, a non-PH parameter:

Iog(hski (t | Esi ! Xsi )) = Iog hOsk (t) + IBsEsi + é:stEsi

Fibrinogen and CHD risk
Summed chi-squared statistics of each non-PH parameter = 24 (df 31)

Random effects meta-analysis of study-specific non-PH parameters:
Estimate 0.0016 per year (SE 0.0045), chi-squared = 0.12 (df 1)
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Related topics

Adjusting for ‘measurement error’ = within-person
variability + laboratory error

- in exposure (Wood et al, IJE 2006)
- in confounders (Wood et al, Stat Med 2009)

How much do risk factors improve risk prediction?
- Part 3

Are risk factors associations causal?
- Part 4
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