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What is Epidemiology


The study of the distribution and
determinants of health-related states
and events and the application of this
study to control of health problems
1. Observation and description: “distribution”
2. Association: to find the etiology and causes
of disease (risk factors for disease)
3. Intervention: Apply this knowledge to
improve health
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Early examples of epidemiology
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Scientists who observed and measured
and studied patterns of disease
translating association
Does not imply a precise knowledge of
the underlying mechanism
Discovery of causality is often sufficient
to implement efficient interventions.
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John Snow (1813-1858): transmission
of cholera by drinking water
Description

Association

Intervention

The Southwark and Vauxhall
Waterworks Company was
taking water from sewagepolluted sections of the
Thames and delivering the water
to homes, leading to an
increased incidence of cholera

Removal of the handle of a well after 61 people had
died drinking the water (1854).
First epidemiologist with implementing efficient
intervention. Done before bacteria, the underlying
cause of infection, were discovered.
4
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Ignaz Semmelweis: Puerperal fever
due to lack of hygiene
Description

Association

Clinic 1: teaching hospitals with
students and doctors passing
directly from dissection room to
gynecology unit
Clinic 2: only midwifes
responsible for childbirth

Intervention
Mandatory handwashing and
desinfection (chlorinated solution)
Reduction of death from puerperal
fever to less than 2% in clinic 1
5
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Epidemiologic approach
1.
2.

3.
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Observational data: describe the health
problem
Relationship between outcome of
interest and potential causes (risk
factors, exposures) generates a
hypothesis of causal relationship
Intervention: Provides solution to health
problem and in general a confirmation
of the causal relationship between
exposure and outcome.
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Measurements of occurrence of
disease




Incidence per 1000: (N° of new cases
during T/ N° at risk of disease during T)x
1000
Prevalence per 1000: N° of cases at
specific time/N° of persons in population at
specific time
 (Point prevalence / period prevalence)





Risk: N° with event/ N° at risk
Rate: N° with event / total time units at
risk. Ex. 7 deaths/ 100 py at risk.
 Necessary in case of variable follow up times
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Survival analysis




Essential to assess the effect of risk factors on
long-term survival
Follow-up ends with:








Event of interest
Alternative events which end observation (censoring)
Alive without event (censoring)
Lost to follow up (censoring)

Censoring: subjects withdrawn from the
population at risk during follow up
Population at risk decreases over time
 survival “estimates” as only a fraction of the cohort is
followed during the whole observation period
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Kaplan Meier survival estimates:
Ex. Overall graft survival in children ≤15 kg
Time

Proportion
failed

Beg.
Total

0.0329
0.1316
0.3289
0.3618
0.4934
1.086
1.546
2.467
2.664
3.75
4.276
6.053
11.22
17.47
17.63
17.83
20.2
21.12
21.55
22.66
32.27
36.05
36.45
47.47
47.5

Fail
71
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46

Proportion
survived

Survivor function

Censor
2
1
1
1
1
1
0
1
1
1
1
1
0
0
0
0
1
0
0
1
0
1
0
1
1

0
0
0
0
0
0
1
0
0
0
0
0
1
1
1
1
0
1
1
0
1
0
1
0
0

0.03
0.01
0.01
0.01
0.02
0.02
0.00
0.02
0.02
0.02
0.02
0.02
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.02
0.00
0.02
0.00
0.02
0.02

1.00
0.97
0.99
0.99
0.99
0.98
0.98
1.00
0.98
0.98
0.98
0.98
0.98
1.00
1.00
1.00
1.00
0.98
1.00
1.00
0.98
1.00
0.98
1.00
0.98
0.98

1.00
0.97
0.96
0.94
0.93
0.92
0.90
0.90
0.89
0.87
0.86
0.84
0.83
0.83
0.83
0.83
0.83
0.81
0.81
0.81
0.80
0.80
0.78
0.78
0.77
0.75

Time: months after RTX
Total: N at risk at start of period
Failure: number of subjects with
outcome of interest (Death /
return to dialysis)
Censoring: no longer at risk
without development of outcome
of interest
Prop failed: Failure/Total
Prop survived: (1-Prop. Failed)
Survivor function:
Prop survived x Survivor function
(t-1).
Product of all “proportion
survived” from start.

Chiodini B et al. Transplant Int 2018
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Representation of Kaplan-Meier
estimates
Overall graft survival after renal transplantation
in children with <=15 kg body weight
1.00

0.75

0.50

0.25

0.00
0 24 48 72 96 120144168192216240264288312336360
Post-transplant months

Number at risk
71 50 45 42 39 32 26 20 15 7

3

2

2

2

0

0

Essential to know the population at risk. A single event can have a
major impact on estimates in case population at risk is low

Chiodini B et al. Transplant Int 2018
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How to test for association


Observation of the association between
exposure and outcome
 Cohort studies: Subjects have different
exposure categories and outcome is assessed.
 Cohort studies can be concurrent or
retrospective
 Case-control: subject with and without
outcome of interest. Differences in the
presence of exposure are assessed.

11

titel

18-12-2018

Cohort studies



Similar in conception to intervention trials
Difference: exposure allocation is not random
 Exposure categories can differ in terms of other
characteristics which are relevant for the outcome of
interest
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Prospective cohort studies often require very long
follow up periods (Framingham Study)
Retrospective cohort studies are more prone to
bias
Large databases allow retrospective cohort studies
on prospectively collected data
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Cohort study design

Leon Gordis Epidemiology 2d Edition
13
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Case-Control studies



Easy to conduct as patients are selected
based on the outcome
Prone to bias.
 Difficult to select a control population which
differs only in the exposure of interest
(selection bias)
 Selection of controls with characteristics
different from the background population
(hospital controls)
 Often differences in assessment of exposure
with differences in availability of information;
overestimation of exposure in cases by patients
(recall bias) or investigators (observer bias)
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Case control study design

Cases and controls are selected and do not come from the same
population
Challenge to select adequate controls

15
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Risk calculation in cohort studies

Disease No Disease

Total

Incidence
risk

Exposed

a

b

a+b

a/(a+b)

Risk Ratio = a/(a+b)

Not exposed

c

d

c+d

c/(c+d)

c/(c+d)

a+c

b+d

Total

Incidence
risk

Disease No Disease
Exposed
Not exposed

100

900.00

1000.00

0.10

50

950.00

1000.00

0.05

150

1850.00

Risk Ratio =

0.10
0.05

Risk Ratio = Relative Risk = Incidence risk (exposed)/Incidence risk (not exposed)
Generally expressed with 95% confidence interval
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Risk calculation in case-control
studies: the odds ratio



Incidence in exposed and unexposed is not kown
Use of the exposure odds ratio
Exposed
Not exposed

Odds
exposure

Disease No Disease
a
b
c
d
a+c
b+d

Total
a+b
c+d

Odds Ratio =
a/c

b/d

a/c
b/d

Disease No Disease
Total
Exposed
200
100.00
300.00
Not exposed
800
900.00
1700.00
1000
1000.00
Odds
exposure

17
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Odds Ratio =
0.25

0.10

0.25

=2.5

0.10
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Advantages of odds over risk:
1. Log odds


Odds : Extend from 0 to infinity: from -

∞


to +∞ after log transformation

Linear relationship after log
transformation which allows to use
regression techniques (Logistic
regression)
odds
ln odds
log odds
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2.Odds ratio can be used for cohort
and case control designs


Outcome odds ratio equals the exposure odds ratio

The disease odds ratio for exposed over non-exposed =
The exposure odds ratio for diseased over non-diseased

19
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A simple view of the odds ratio
No
Disease Disease

Total

Exposed

a

b

a+b

Not exposed

c

d

c+d

a+c

b+d

The odds ratio is the product of subjects in favor of an
association (a and d) divided by the product of subjects
not in favor of an association (b and c).
Can be calculated very easily by calculating the cross
products. (ad/bc).

20
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When is the odds ratio a good
estimate of the relative risk ?

The odds provides a good
estimation for risk in case of rare
disease in a way that the diseased
do not change the denominator
Leon Gordis Epidemiology 2d Edition
21
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What can go wrong in Epidemiological
research ?
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Bias
Confounding
Statistical Power (Sample Size)
Inadequate or no research question
Data collection which does not allow to answer the research
question
Problems with data and sample processing and storage
Loss to follow up
Exclusion of patients during study impeding the ability to
conduct an intention to treat analysis
………………..
titel
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Bias


What is bias
 “Any systematic error in the design, conduct
or analysis of a study that results in a
mistaken estimate of an exposure’s effect on
the risk of disease”



Two main categories of bias
 Selection bias: patients in control group
differ in a way that makes evaluation of
exposure of interest impossible
 Information bias: Systematic differences in
the collection of exposure and outcome data
in different patient categories.

23
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Bias example: Effect of smoking on the
incidence of ESRD a case control study
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Dr. Wissing is interested in the effect of smoking
on ESRD.
Insufficient time and money to conduct a cohort
study
Case control design: Hospital unit which shares
patients from Nephrology and Pneumology
100 last ERSD patients (GFR<15 ml/min) compared
with 100 pneumology admissions with normal
renal function randomly selected during the same
period. Smoking history collected in medical files.
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Bias: “Smoking is a highly efficient protection
against the development of ESRD”
ESRD (Nephro)

Control (Pneum)

Smoking

26

85

111

Non-smoking

74

15

89

100

100

Exposure Odds ratio: 26x15/85x74= 0.062 (95%CI 0.03 to 13.2; P<0.0001)

25

titel

18-12-2018

Bias


Selection bias
 Choosing pneumology inpatients as controls artificially enriched
the control population for the exposure of interest



Information bias
 Pneumology patients are more likely to have been asked about
their smoking habits and to have this information in their
medical file. This can result in underestimation of smoking in
the Cases (misclassification).
 Even if patients were asked pneumology patients are probably
more prone to indicate smoking (recall bias)



Bias can not be recovered at the analysis stage:
Creation of false evidence, waste of resources,
study results to be discarded.
 Every study protocol has to be screened for potential
sources of bias during the design phase.
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Confounding: Hypothetical example
Is use of specific preservation fluid (exposure = Yes) associated with a reduction
in delayed graft function ? Case-control study to address the question.
The odds of exposure is nearly 2 times higher
in patients with DGF
DGF

Older donor age is associated with the use of
the new preservation fluid

IF

After stratification for donor age the preservation
fluid is no longer associated with DGF
Donor age is the most important predictor of
DGF
DGF

DGF

IF

IF

A confounder is a known risk factor for the outcome and associated with the exposure of interest.
Can be controlled for by stratification. You can only control for known confounders.
27
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Effect modification

http://sphweb.bumc.bu.edu/otlt/MPH-Modules/BS/BS704-EP713_ConfoundingEM/EP713_Confounding8.html
28
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Problems with medical evidence in
nephrology







29

A very large number of observational studies
A large number of association studies linking risk
factors with survival
Very few intervention trials confirming causal
relationships
Reverse epidemiology: effect of risk factors
sometimes opposite to what is observerd in the
general population
Many treatment recommendations based on
surrogate endpoints
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Confounding in retrospective cohort studies: ex. Effect of
hyponatremia on mortality in patients with HIV infection
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Hyponatremia is a frequent complication in HIV
positive patients
In patients with hyponatremia has been linked
with increased mortality in several cohort studies
Unknown whether this is still the case in the more
recent period (HAART)
Unknown whether hypoNa is a marker of high risk
of disease or an independent risk factor
Retrospective cohort study on patients followed at
the HIV clinic of the CHU St Pierre
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HIV positive patients with hypo Na
have reduced long term survival

Log-rank test: P<0.0001

Braconnier P et al. BMC Infectious Diseases 2017
31
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Hyponatremia at start of follow up associated with
worse outcome in HIV+ patients
Characteristics

Total

Na <

Na ≥

(N=1196)

135mEq/l

135mEq/l

(N=177)

(N=1019)

36.0 (9.0-

41.0 (4.0-

35.0 (10.0-

80.0)

115.0)

77.0)

414 (34.6%)

71 (40.1%)

343 (33.7%)

0.104

Deaths (n)

63 (5.3%)

24 (13.5%)

39 (3.8%)

<0.0001

Death rate/1000 patient-years (95% CI)

12.5 (9.6-

28.3 (18.1-

9.33 (6.6-12.7)

<0.0001

16.0)

42.2)

440 (422-

785 (725-

370 (252-388)

<0.0001

458)

845)

2.2±4.9

4.3±9.5

1.8±3.3

<0.0001

12.0 (3.0-

6.0 (2.0-

14.0 (4.0-39.0)

0.169

34.0)

22.5)

12.0 (2.0-

2.0 (0.0-

13.0 (2.0-29.0)

0.0012

28.0)

12.0)

Follow-up (months)1

Loss to follow-up (n)

Hospitalization rate/1000 patient-years
(95% CI)
Mean number of hospitalizations per

P-value

0.554

patient (n)2
Median time to death (months)1

Median time to first hospitalization
(months)1,3

Braconnier P et al. BMC Infectious Diseases 2017
32
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Hyponatremia is associated with more
severe markers of disease
Total (N=1196)

Na < 135mEq/l (N=177)

Na ≥ 135mEq/l (N=1019)

P-value

36.8±10.7

37.4±10.0

36.7±10.9

0.238

Female gender (n)

445 (37.2%)

90 (50.8%)

355 (34.8%)

<0.0001

African ethnicity (n)

612 (51.2%)

125 (70.6%)

487 (47.8%)

<0.0001

Homo-bisexual orientation (n)

395 (33.0%)

26 (14.7%)

369 (36.2%)

<0.0001

139.0 (136.0-141.0)

132.0 (130.0-134.0)

139.0 (137.0-141.0)

<0.0001

Hospitalization at first contact (n)

332 (27.7%)

128 (72.3%)

204 (20.0%)

<0.0001

Acquired immunodeficiency syndrome (AIDS) (n)

215 (18.0%)

89 (50.3%)

126 (12.4%)

<0.0001

CD4 cell count (/μl)1

371.8±275.3

207.5±197.7

400.4±277.0

<0.0001

CD4 cell count < 350/μl (n)

611 (51.1%)

143 (80.8%)

468 (45.9%)

<0.0001

CD4 nadir (/μl)1

362.8±267.6

200.8±184.1

391.2±269.9

<0.0001

CD4 nadir < 200/μl (n)

360 (30.1%)

106 (59.9%)

254 (24.9%)

<0.0001

71600 (13500-100000)

100000 (55000-313500)

58750 (11800-100000)

<0.0001

465 (38.9%)

104 (58.7%)

361 (35.4%)

<0.0001

Hepatitis B (n)

69 (5.8%)

14 (7.9%)

55 (5.4%)

0.223

Hepatitis C (n)

69 (5.8%)

12 (6.8%)

57 (5.6%)

0.478

Fib 4 score > 3.25 (n)

77 (6.4%)

28 (15.8%)

49 (4.8%)

<0.0001

Anemia (n)

297 (24.8%)

98 (55.4%)

199 (19.5%)

<0.0001

Hyperlipidemia (n)

418 (34.9%)

58 (32.8%)

360 (35.3%)

0.550

Mean triglyceridemia1

111.1±68.5

132.4±79.9

108.0±66.0

<0.0001

Diabetes mellitus (n)

52 (4.3%)

14 (7.9%)

38 (3.7%)

0.0254

Antihypertensive drugs (n)

39 (3.3%)

4 (2.2%)

35 (3.4%)

0.645

Characteristics
Age (years)1

Natremia (mEq/l)2

HIV viral load (copies/ml)2
HIV viral load > 100 000 copies/ml (n)
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The association of hypoNa with patient death disappears after
adjustment for potential confounders
Univariate Model
Risk factors

Hazard ratio (95% Confidence
interval)

P-value

Hazard ratio (95% Confidence
interval)

P-value

Age < 35 years

0.51 (0.29-0.87)

0.014

0.87 (0.46-1.65)

0.677

Female gender

1.68 (1.01-2.80)

0.045

1.48 (0.75-2.90)

0.257

African ethnicity

1.29 (0.77-2.15)

0.366

Homo-bisexuel
orientation

0.28 (0.13-0.59)

0.0003

0.94 (0.36-2.45)

0.901

Na < 135mEq/l

3.94 (2.30-6.74)

<0.0001

0.94 (0.49-1.82)

0.865

8.83 (5.18-15.06)

<0.0001

4.61 (2.27-9.38)

<0.0001

11.71 (4.66-29.43)

<0.0001

5.88 (1.68-20.49)

0.0055

3.36 (1.87-6.03)

<0.0001

1.06 (0.52-2.15)

0.865

Hepatitis B

0.23 (0.032-1.71)

0.172

Hepatitis C

2.54 (1.15-5.60)

0.0259

2.90 (1.25-6.74)

0.013

Fib4 score > 3.25

3.84 (1.95-7.55)

<0.0001

1.52 (0.69-3.36)

0.297

Anemia

4.15 (2.47-6.94)

<0.0001

1.44 (0.75-2.77)

0.266

Hyperlipidemia

0.93 (0.54-1.59)

0.892

Diabetes mellitus

4.22 (1.96-9.11)

0.0011

1.99 (0.86-4.62)

0.107

Inclusion period 19982004

2.54 (1.52-4.25)

0.0004

1.28 (0.70-2.35)

0.418

AIDS
CD4 cell count < 350/μl

HIV viral load
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Rationale for reducing serum phosphate
levels


Hyperphosphatemia







associated with increased mortality on dialysis
Direct causal effect in hyperparathyroidism
Risk factor for soft tissue calcifications
Risk factor for arterial calcifications –
potential role in the high CV mortality

No high quality intervention trial that
document a protective effect of lowering
serum phosphate levels on hard clinical
endpoints.

Hyperphosphatemia in patients with
ESRD


Effect of phosphate ≥4.5 mg/dl on
survival of dialysis patients (timechanging variable) at the UZ Brussel
dialysis unit.
Kaplan-Meier survival estimates

1.00

0.75

P<0.001
0.50

0.25

0.00
0
Number at risk
P<4.5 mg/dl 344
P≥4.5 mg/dl 275

12

24

36

164
172

114
110

61
76

48
60
72
84
hemodialysis months
43
41

33
27

P<4.5 mg/dl

22
17

15
11

96

108

120

5
10

3
9

3
4

P≥4.5 mg/dl

Universitair Ziekenhuis Brussel Dialysis Database
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Complex network of confounding



Increased Phosphorus is associated with a large set of
variables linked to patient survival
Beneficial risk factors (negative confounders)







Adverse risk factors (positive confounders)
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younger age
High protein intake
Better nutritional status
Lower inflammatory markers

Lower dialysis efficacy
Los of residual renal function
(Higher BMI)
Lower bicarbonate (acidosis)
Higher PTH levels

Multiple possibilities for confounding in potentially complex
networks of interacting biological mechanisms.
Is multivariable and retrospective analysis able to show the true
effect of hyperphosphatemia on outcomes in dialysis patients?
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Association of phosphorus and CaxP with
survival on hemodialysis

Kalantar-Zadeh et al. Kidney Int 2006

Association between phosphorus and PTH
levels and mortality in the DOPPS cohort

Tentori et al. AJKD 2006
39
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Rationale for the use of phosphorus
binders
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The rationale for the use of phosphor
binders is the association with increased
mortality in epidemiological studies
To my best knowledge no data on
reduction in mortality with the use of
calcium-based phosphate binders
controlled by placebo
Evidence for reduction in mortality with
non-calcium binders ?
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Effect of phosphate binders on mortality
in hemodialysis patients

Suki et al. Kidney Int 2007

Meta-analysis on effect of phosphorus
binders on patient survival

Jamal et al. Lancet 2013

Controle of hyperphosphoremia while
maintaing normal calcium

KDIGO CKD-MBD guidelines 2017

Vitamin D substitution





Deficient 1a hydroxylation through
kidney disease and increased FGF23.
Vitamin D deficit perceived as the
underlying abnormality responsible for
hypoCa and hyperPTH
Several cohort studies have shown
better survival in patients treated with
active vitamin D compounds

Uncontrolled evidence for survival advantage
when receiving active vitamin D compounds
Survival benefit associated with injectable active vitamin D therapy in
more than 50000 dialysis patients in the US

Teng et al. JASN 2005

Residual bias in the association between active
vitamin D therapy and improved survival


DOPPS cohort study:





Huge differences in vitamin D use among countries
Vitamin D use in younger patients with fewer comorbidities
Survival differences disappeared after adjusting for covariates
No differences in survival at facility level

Tentori NDT 2009

No improvement in clinical outcomes
with Alfacalcidiol in RCT

J-David Investigators JAMA 2018
47
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Calcimimetic treatment
Effect on PTH levels

Reduction of calcium in Cinacalcet arm -0.81 mg/dL (-0.89 to -0.72); P<0.0001
Reduction of phosphorus in Cinacalcet arm -0.29 mg/dL (-0.41 to -0.17) ; P<0.0001

Zhang et al PLOSone 2012

Calcimimetic treatment –Evolve study

Chertow et al. NEJM 2012

Calcimimetic treatment: Side effects

Zhang et al PLOS One 2012

Treatment of abnormal PTH levels in CKDMBD

KDIGO CKD-MBD guidelines 2017

Conclusions
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Epidemiology combines the description of health-related
conditions, the search for determinant of these conditions
and the application of this knowledge in the form of
interventions
Efficient interventions do not necessary require a precise
knowledge of the underlying pathogenic mechanisms
The estimation of the effects of risk factors for disease in
observational studies are subject to multiple causes of
confounding and bias.
Bias is caused by systematic errors in the design of the
study, can not be corrected for during analysis and
invalidates the results of the study.
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Conclusions
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Confounding is due to risk factors associated with the
exposure and outcome of interest and are a potential
explanation for the observed association. Known
confounders can be controlled for by stratification. The
presence of unknown confounders can never be excluded in
observational studies.
Numerous clinical characteristics in patients with renal
insufficiency are associated with an increased risk of
mortality. Often these associations occur in complex
interactions with potential confounders and observational
studies have limited capacity to draw firm conclusions in
terms of causal association.
Many therapeutic interventions to correct these risk factors
have no proven benefit on hard clinical endpoints. Clinicians
have to balance benefit in terms of correction of laboratory
results with potential side effects and the cost of therapy.
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