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Editorial
The scandal of poor medical research. Doug Altman.
BMJ 1994; 308 doi: https://doi.org/10.1136/bmj.308.6924.283
• Huge sums of money are spent annually on research that is seriously 

flawed through the use of inappropriate designs, unrepresentative 
samples, small samples, incorrect methods of analysis, and faulty 
interpretation.
• Why are errors so common? Put simply, much poor research arises because 

researchers feel compelled for career reasons to carry out research that 
they are ill equipped to perform, and nobody stops them.
• As the system encourages poor research it is the system that should be 

changed. We need less research, better research, and research done for 
the right reasons. Abandoning using the number of publications as a 
measure of ability would be a start.

https://doi.org/10.1136/bmj.308.6924.283


Editorial 
Medical Research – still a scandal. Richard Smith (2014)
blogs.bmj.com/bmj/2014/01/31/richard-smith-medical-research-still-a-scandal/

• In his editorial entitled, “The Scandal of Poor Medical Research,” 
Altman wrote that much research was “seriously flawed through the 
use of inappropriate designs, unrepresentative samples, small 
samples, incorrect methods of analysis, and faulty interpretation.” 
Twenty years later I fear that things are not better but worse. 

https://blogs.bmj.com/bmj/2014/01/31/richard-smith-medical-research-still-a-scandal/


We’ve all been taught that after systematic reviews and 
meta-analyses, RCT’s give the highest level of evidence

If you enrol enough people, & assign to groups with a random allocation sequence:
• known and unknown confounding factors will be balanced across groups 
• allows strong inferences about cause and effect (unbiased effect estimate)

But…….

• Not all interventions can be assessed with an RCT
• Labour-intensive, expensive to run (monitor, verify data, comply with all ICH-GCP)
• Sample sizes often too small (unrealistic effect size assumed)
• External validity (generalisability to real world settings) is poor – multimorbidity
• Pragmatic trials? 



Experimental studies: Historical development

• James Lind (1753): citrus fruit can prevent/treat scurvy 
• intervention–control allocation based on ensuring participants in both groups 

were as similar as possible in observable characteristics

• Johannes Fibiger (1898): – efficacy of diphtheria antitoxin
• Alternate allocation of intervention to control selection bias

• UK MRC (1948): Streptomycin vs bed rest for treatment of TB
• Random allocation to prevent researchers consciously or subconsciously 

selecting different types of patients for treatment arms

• Increases in the use of RCTs for cardiovascular disease, oncology, HIV



Experimental vs Quasi-experimental designs

• Experimental study 
• researcher intervenes in the “natural” process, to establish the causal effects 

of a treatment

• Quasi-experimental study
• causal effects of a treatment are established without a researcher's 

intervention
• offer opportunities for causal analyses in health research because they can 

generate results of high external and internal validity, and can be used when 
experiments are not feasible (financial, ethical, or political constraints)
• Have been widely used in economics, social sciences



Approaches

• (Natural experiments)
• Interrupted (segmented) time series regression
• Regression discontinuity
• Stepped wedge designs
• Difference in differences analyses
• Matching and reweighting
• (Instrumental variables and extended regression models (ERMs)

• Many of these techniques can be used with administrative data or 
routinely collected clinical data



Caveats Assumptions 

• All these model have assumptions
• As the complexity of the model increases, so do the number of 

assumptions

• Most important thing: the researchers need to have a good 
knowledge of the topic so they can understand how to make the 
model and model the potential confounders



Interrupted time series



Interrupted time series

• Used to evaluate the effect of an intervention 
• Considered one of the strongest quasi-experimental designs
• Data are collected at equally spaced points pre- and post-intervention 

(weekly or monthly)
• Need an adequate number of pre-intervention points so the trend is clear
• Need to know when the intervention starts
• Need an adequate number of post-intervention points
• Calculate changes based on the pre-intervention trend

• Things to consider and adjust for: autocorrelation, seasonality, other 
interventions/factors which could influence the outcome



Interrupted time series



Interventions 1-4
Intervention 5



STL decomposition: (Seasonal decomposition 
of time series by Loess)



Regression discontinuity



Regression discontinuity

• Useful when an exposure or treatment is determined by a threshold 
rule, causal effects can be estimated by regression discontinuity
• Patients assigned to a regimen if they are ‘high risk’ based on a continuous 

biomarker (eg cholesterol)
• These continuous biomarkers are subject to random variability, so we 

expect patients scoring just above and just below the threshold will 
be similar in observable and unobservable characteristics
• If the threshold affects the outcomes, we expect to see a 

discontinuity in the regression around the threshold; if there’s no 
‘treatment effect’ the regression line should be continuous above and 
below the threshold



• The Prostate Lung Colorectal and Ovarian (PLCO) cancer screening 
trial randomized 76 693 men from 1993 to 2001 to usual care or 
annual prostate-specific antigen (PSA) screening for 6 years and 
annual digital rectal examination for 4 years.
• A PSA level of 4.0 ng/mL was used as the threshold for further 

workup



Undergo biopsy: 27.3 (95%CI 23.3 – 31.3) LR cancer detection: 7.2 (95%CI 3.6 – 10.8)

Effect sizes are absolute changes in probability



HR cancer detection: 0.0 (95%CI -1.8 – 1.9) Mortality: Effect size = 0.6 (95%CI -0.5 – 1.7)







Differences in differences



Differences in differences (DID)

• Uses longitudinal data from ‘treatment’ and ‘control’ groups to obtain 
an appropriate counterfactual to estimate a causal effect. 

• DID is typically used to estimate the effect of a specific intervention or 
treatment (law, policy intervention) by comparing the changes in 
outcomes over time between the treatment and control groups

• DID – used by John Snow to investigate the cholera epidemic in 
London in 1800’s





Useful links

• Differences in differences
• https://diff.healthpolicydatascience.org



Matching and weighting



Stata: Matching to estimate ‘treatment effects’ for 
outcomes conditionally independent on treatment
• Implies variables affecting treatment assignment and outcomes are 

observable
• teffects: continuous, binary, fractional and count outcomes
• stteffects: many functional forms for survival outcomes (parametric)
• telasso: functional forms as for teffects, but with lasso methods for 

covariate selection
• didregress: difference in differences regression
• xtdidregress: DID for panel (longitudinal) data

• Tools for checking covariate balance, covariate balance summary statistics, 
overlap plots



Matching methods for treatment effects

• Augmented inverse-probability weighting (AIPW)
• Inverse-probability weighting (IPW)
• Inverse-probability-weighted regression adjustment (IPWRA)
• Nearest neighbour matching (nnmatch)
• Propensity score matching (psmatch)
• Regression adjustment (ra)



The fundamental problem of causal inference

• We only observe one of the potential outcomes in each person
• Instead of assuming that the treatment is randomly assigned, we 

assume that after conditioning on covariates, the treatment is as 
good as randomly assigned
• Conditional mean independence assumption (CMI)
• After accounting for the covariates, the treatment ‘is as good as random’



Example

• How much is baby birthweight reduced if the mother smokes in 
pregnancy?

• Model
• Outcome only (regression adjustment - ra)
• Treatment only (IPW)
• Outcome and treatment (Augmented IPW)
• Outcome and treatment (IPWRA)
• Outcome (nonparametrically) - nearest neighbour matching
• Treatment (Propensity score matching)
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Stepped wedge designs



Stepped wedge (cluster randomised) trials

• Each site serves as their own control (could be a ward in a hospital, or 
a hospital, or a neighbourhood etc)
• Timing of the crossover is randomised
• Multiple observations per unit (collected at the same time)

• Why?
• Logistical or financial
• Systematically evaluate new program shown
• To study the effect of time on intervention effectiveness (i.e. seasonality, time 

since introduction) 



Fig 2 Schematic representation of the EPOCH stepped wedge study (example 4). 

K Hemming et al. BMJ 2015;350:bmj.h391

©2015 by British Medical Journal Publishing Group







EQUATOR website 

40


