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Abstract

There is growing evidence that overweight or obese patients with cardiovascular disease survive longer than
their normal-weight counterparts, an effect called the “Obesity paradox”. Similar effect might exist in patients
with Type 2 Diabetes Mellitus (T2DM), however, results conflict; some studies confirm such effect while others
observed negative associations between higher BMI and mortality rates. A brief review of the more powerful
studied suggest that obesity paradox in T2DM people is rather product of studies biases than a real biological
phenomenon.

Introduction

The relationship between obesity and increased risk for Cardiovascular Disease (CVD) is well-
establish in the general population [1,2], however, once CVD occurs, paradoxically, obesity seems
to confer a survival advantage, this effect was called “obesity paradox or reverse epidemiology”
[3]. This effect has been observed in other chronic diseases such as heart failure, hypertension and
chronic kidney disease.

Several studies seem to indicate that similar obesity paradox might exist in patients with
Type 2 Diabetes Mellitus (T2DM). However, results conflict, with studies reported both positive
and negative associations between higher BMI or other weight indices and CVD [4-12]. It is very
important to clarify whether overweight or obese confer lower risk of mortality in T2DM people,
because it may imply thoroughly review the mainstays of treatment of these patients were obtained
a healthy weight is an important point.

The present brief review aimed to summarize current findings on the relationship between BMI
all-cause mortality in patients with T2DM and to draw conclusions from them.

Search Strategy for Identification and Selection of Studies

MEDLINE and PUBMED databases were systematically searched for studies which reported all-
cause mortality rates in relation to BMI in patients with T2DM from 2010 to 2015. Keywords Body
Mass Index (BMI), mortality, T2DM and obesity paradox or reverse epidemiology were used to
identify studies investigating the afore mentioned relationship. Studies with big sample of subjects
prospectively followed at least 4.5 years were included.

What Are Possible Explanations For Obesity Paradox In Type 2 Diabetes
Patients?

Possible explanations for obesity paradox are: (A) Normal weight diabetics might have a
different genetic profile than overweight or obese diabetics, if such genetic variants that predispose
to diabetes are associated with other diseases, normal-weight diabetics may be genetically loaded
towards higher mortality. (B) Patients with T2DM and a low BMI might have higher tobacco and/
or alcohol consumption. (C) Being overweight might provide a metabolic reserve in older patients,
protecting against osteoporosis, malnutrition and frailty. (D) It is conceivable that patients with
established diseases may garner protective effects from increased “good adiposity” or fewer harmful
effects by having less “bad adiposity”. The potential benefits of good adiposity may be attributed
to higher fuel reserve and/or presence of protective factors [13,14], (E) High levels of circulating
lipoproteins in obese subjects can bind lipopolysaccharides, decreasing inflammatory cytokine
secretion is also used to explain the obesity paradox.

Studies Reviewed

Of the 7,788 participants with chronic mild to moderate Hear Failure (HF) in the Digitalis
Investigation Group trial, 7379 had BMI 220 kg/m?” at baseline [15]. Of these, 29% had Diabetes

(03I ACCESS

ISSN: 2573-5462

How to cite this article Garcia-Mayor RV. Obesity Paradox in Type 2 Diabetic People: the Evidence
Suggests that is the Results of Studies’ Biases. SM J Nutr Metab. 2016; 2(1): 1010.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

SMGre&up

Copyright © Garcia-Mayor RV

Mellitus (DM), of whom 37% were BMI 230 kg/m* Of the 5,226
patients without DM, 22% were obese. Propensity scores for obesity
were used to separately assemble 636 pairs of obese and non-obese
patients with DM and 770 pairs of obese and non-obese patients
without DM, who were balanced on 32 baseline characteristics.
Among matched patients with DM, all-cause mortality occurred in
38 and 39% of obese and non-obese patients, respectively [Hazard
Ratio (HR) when obesity was compared with no obesity 0.99; 95%
Confidence Interval (CI) 0.80-1.22; P = 0.915]. Among matched
patients without DM, all-cause mortality occurred in 23 and 27%
obese and non-obese patients, respectively (HR associated with
obesity 0.77; 95% CI 0.61-0.97; P = 0.025). They concluded that in
patients with chronic mild to moderate HF and DM, obesity confers
no paradoxical survival benefit.

McEven, et al. [16], survey and medical record information was
obtained from 8,334 participants in Translating Research into Action
for Diabetes (TRIAD), a multicentre prospective observational study
of diabetes care in managed care. The National Death Index was
searched annually to obtain data on deaths over an 8-year follow-
up period (2000-2007). Predictors examined included age, sex, race,
education, income, smoking, age at diagnosis of diabetes, duration
and treatment of diabetes, BMI, complications, comorbidities, and
medication use. The authors observed highest all-cause mortality in
patients under 25 of BML.

Logue, et al. [11], using records of 106,640 patients in Scotland
investigated the association between BMI recorded around the
diagnosis of T2DM and mortality using Cox proportional hazards
regression adjusted for age and smoking status, with BMI 25 to 30 kg/
m? as a referent group. Deaths within 2 years of BMI determination
were excluded. Mean follow-up to death or the end of 2007 was 4.7
years. They found lowest mortality in type 2 diabetic patients with
BMI 25 to 29.9, being U-shape relationship between both variables.

Carnethon, et al. [7], pooled analysis of 5 longitudinal cohort
studies: Atherosclerosis Risk in Communities Study, Cardiovascular
Health Study, Coronary Artery Risk Development in Young
Adults, Framingham Offspring Study and Multi-Ethnic Study of
Atherosclerosis. Being 2,625 participants with incident diabetes
mellitus, main outcome measures: total, cardiovascular, and non-
cardiovascular mortality. The authors concluded that adults who are
normal weight at the time of incident diabetes have a higher mortality
than those who are overweight or obese.

Tobias, et al. [17], the study includes incident cases of DM from
Nurses” Health Study (8,970 participants) and Health Professionals
Follow-up Study (2,457 participants). Being the mean period of 15.8
years of follow-up, they observed a J-shaped association between BMI
and all-cause mortality, compared with participants with a BMI of
22.5 to 24.9 those in the lowest BMI categories, 18.5 to 22.4 had a
significant elevated mortality risk as did those in the highest BMI
categories, 30 to 34.9 and >35. The authors found no evidence of
lower mortality among patients with diabetes who were overweight
or obese at diagnosis.

Costanzo, etal. [18] in a prospective cohort From National Health
Service, England, 10,568 patients with DM was followed a median of
10.6 years. Data about cause of death were not available. The authors
found that overweight but not obese was associated with lower risk of
all-cause mortality.

Finally, Chang and co-workers [19] in a recent report performed
a systemic review and meta-analysis select articles from MEDLINE,
EMBASE and The Cochrane databases. They used BMI, mortality,
diabetes and obesity paradox or reverse epidemiology as key-words.
Sixteen studies with 385,925 patients were included, patients were
divided into 5 groups based on BMI (Kg/m?): Underweight (<18.5),
normal weight (18.5-24.9), overweight (25-29.9) mild obesity (30-
34.9) and morbid obesity (>35). A random effect meta-analysis was
performed by inverse variance method. Heterogeneity was examining
using Higgins I* test. The authors observed a U-shape association
between BMI and all-cause mortality in male but no in females with
DM. They are also highlighting the significant heterogeneity in most
of group’s comparisons.

Comments

The present review showed that 5 out of 7 studies observed data
support the obesity paradox. However, the relationship between all-
cause mortality and BMI had different shapes, Table 1, this may be
explained for methodological differences such as: differences in BMI
categories used, no identified patients with Latent Autoimmune
Diabetes in Adults (LADA, self-reported weight measures, use of
prevalent cases with different durations of disease, lack of information
on ethnicity, medications taken, and difficulties to assess tobacco and
alcohol consumption. Other importantaspectis that T2DM is a disease
of older people and is well-known that they have a high prevalence of
coexisting chronic diseases which increases the potential for reverse-
causation bias. Despite that BMI is still conventionally accepted as a
measure of adiposity, in older people decreased validity of BMI as a
measure of adiposity owing to age-related declines in muscle mass
and wasting [20], and we should hold in mind that obesity paradox
was mostly reported in elderly.

In line with this is the recent report by Stokes and Preston [21],
studied the association between weight status and mortality in the US
population, data from the National Health and Nutrition Examination
Survey 1988-2010, included 30,462 individuals of whom 3,388
reported a prior diagnosis of cardiovascular disease. To minimize
biases resulting from illness-induced weight loss, a reference category
consisting of individuals who have always maintained a normal
weight are used. Age-standardized mortality rates and Cox models
were estimated, comparing overweight/obesity (BMI > 25), to normal
weight (BMI 18.5-24.9). At the time of survey overweight/obese
paradox exists, however, when the reference category was limited to
the always-normal-weight, the paradox disappeared. They concluded
that obesity paradox is a product of biases involving reverse causation
and confounding by smoking. A recent report by the same group

Table 1: Resume of results of recent major studies showed BMI and all-cause
mortality relationship.

Studies, year, reference | <18.5 | 18.5-24.9 | 25-29.9  30-349 >35
McEwen et al, 2012 [14] HRM
Carnethon et al, 2012 [7] NS HRM
Logue et al, 2013 [11] HRM HRM HRM
Costanzo et al, 2015 [16] RRM
[Cir;mg et al, 2015 SR, MA HRMM HRMM

HRM: High Risk Mortality; HRMm: High Risk Mortality in Males; RM: Reduced
Risk Mortality; NS: Not Studied; SR: Sytemic Review; MA: Meta-Analysis.
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concluded that Categorization of BMI and self-report bias combine to
produce substantial error in the estimated hazard ratios and percent
of deaths attributable to obesity. Future studies should use caution
when estimating the association between obesity and mortality using
categorical self-reported data [22].

Furthermore, explanations on the obesity paradox such as: (a)
that patients with established diseases may garner protective effects
from increased “good adiposity” or fewer harmful effects by having
less “bad adiposity”. The potential benefits of good adiposity have
been attributed to higher fuel reserve, and/or the presence of other
protective factors. For instance, in heart failure, adipose tissue
secretes soluble tumor necrosis factor-a receptors that neutralize
the adverse biological effects of tumor necrosis factor-a. (b)
Higher levels of circulating lipoproteins in obese patients can bind
lipopolysaccharides, decreasing inflammatory cytokine secretion,
also used as an explanation for the paradox. (c) Obese patients may
be diagnosed earlier and treated more aggressively than non-obese
patients, may be valid but none is well established

All these mechanisms supporting the obesity paradox found in
clinical studies may be valid, but none is well established. In Goyal, et
al. [23] opinion, a true paradox doesn’t exist. Instead, we may simply
be observing heterogeneous populations that have been poorly
characterized into obese and non-obese groups by measurements
of BMI alone, without factoring-in the type of adiposity, level of
inflammation and the metabolic health. Death is another confounding
factor as in non-prospective epidemiological observational studies;
individuals with high death rate are not part of the analysis. Thus, the
obesity paradox as characterized by BMI alone, without consideration
of other confounders, should not be accepted as a true paradox [23].

Conclusion

In view of the results of recent studies, obesity paradox is a
product of biases in the studies; subsequently the maintenance of a
healthy body weight remains the cornerstone of T2DM treatment.

Supportive foundations
South Galicia Biomedical Foundation

References

1. Bogers RP, Bemelmans WJ, Hoogenveen RT, Boshuizen HC, Woodward
M, Knekt P, et al. BMI-CHD Collaboration Investigators. Association of
overweight with increased risk of coronary heart disease party independent
of blood pressure and cholesterol levels: a meta-analysis of 21 cohort studies
using more than 300,000 persons. Arch intern Med. 2007; 167: 1720-1728.

2. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-Barbash R, et
al. Overweight, obesity and mortality in a large prospective cohort of persons
50 to 71 years old. N Eng J Med. 2006; 355: 763-778.

3. Morse SA, Gulati R, Reisin E. The obesity paradox and cardiovascular
disease. Curr Hypertens Rep. 2010; 12: 120-126.

4. Ross C, Langer RD, Barret-Connor E. Given diabetes, is far better than thin?
Diabetes Care. 1997; 20: 650-652.

5. Rosengren A, Welin L, Tsipogianini A, Wilhelmsen L. Impact of cardiovascular
risk factors on coronary heart disease and mortality among middle aged
diabetic men: a general population study. BMJ. 1989; 299: 1127-1131.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chaturvedi N, Fuller JH. Mortality risk by body weight and weight change in
people with NIDDM. The WHO multinational study of Vascular Disease in
Diabetes. Diabetes Care. 1995; 18: 766-774.

Carnethon MR, De Chavez PJ, Biggs ML, Lewis CE, Pankow JS, Bertoni
AG, et al. Association of weight status with mortality in adults with incidents
diabetes. JAMA. 2012; 308: 581-590.

Sasaki A, Hariuchi N, Hasegawa K, Uehara M. Mortality an causes of death in
type 2 diabetic patients. A long-term follow-up study in Osaka district, Japan.
Diabetes Res Clin Pract. 1989; 7: 33-40.

Zoppini G, Verlato G, Leuzinger C, Zamboni C, Brun E, Bonora E, et al. Body
mass index and the risk of mortality in type Il diabetic patients from Verona.
Int J Obes Relat Metab Disord. 2003; 27: 281-285.

Mulnier HE, Seaman HE, Releigh VS, Soedamah-Muthu SS, Colhoun HM,
Lawrenson RA. Mortality in people with type 2 diabetes in the UK. Diabet
Med. 2006; 23: 516-521.

Logue J, Walker JJ, Leese G, Lindsay R, McKnight J, Morris A, et al.
Association between BMI measured with a year after diagnosis of type 2
diabetes and mortality. Diabetes Care. 2013; 36: 887-893.

McEven LN, Kim C, Karter AJ, Haan MN, Ghosh D, Lantz PM, et al. Risk
factors for mortality among patients with diabetes: the Translating Research
Into Action for Diabetes (TRIAD) Study. Diabetes Care. 2007; 30: 1736-1841.

Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: Risk
factor, paradox, and impact of weight loss. J Am Coll Cardiol. 2009; 53:1925-
1932.

Rauchhaus M, Coats AJ, Anker SD. The endotoxin-lipoprotein hypothesis.
Lancet. 2000; 356:930- 933.

Adamopoulos C, Mayer P, Desai RV, Karatzidou K, Ovalle F, White M, et al.
Absence of obesity paradox in patients with chronic heart failure and diabetes
mellitus: a propensity-matched study. Eur J Heart Failure. 2011; 13: 200-206.

McEwen LN, Karter AJ, Waitzfelter BE, Crosson JC, Marrero DG, Mangione
CM, et al. Predictors of mortality over 8 years in type 2 diabetic patients:
Translating Research into Action of Diabetes (TRIAD), Diabetes Care. 2012;
35: 1301-1309.

Tobias DK, Pan A, Jackson CL, O’ Reeilly EJ, Ding EL, Willet WC, et al. Body
mass index and mortality among adults with incident type 2 diabetes. N Eng
J Med. 2014; 370: 233-244.

Costanzo P, Cleland JG, Pillicori P, Clark Al, Hepburn D, Kilpatrik ED, et al.
The obesity paradox in type 2 diabetes mellitus: relationship of body mass
index to prognosis: a cohort study. Ann Intern Med. 2015; 162: 610-618.

Chang HW, Li YH, Hsieh CH, Liu PY, Yang SP, Lin GM. Association of body
mass index with all-cause mortality in patients with diabetes: a systemic
review and meta-analysis. Word J Diabetes. 2015; 22316.

Manson JE, Bassuk SS, Hu FB, Stampfer MJ, Colditz GA, Willet WC.
Estimating the number of deaths due to obesity: can the divergent findings be
reconciles? J Women Heath (Larchmt). 2007; 16: 168-176.

Stokes A, Preston SH. Smoking and Reverse Causation Create an Obesity
Paradox in Cardiovascular Disease. Obesity. 2015; 23: 2485-2490.

Preston H, Fishman E, Stokes A. Effects of categorization and self-report
bias on estimates of the association between obesity and mortality. Ann
Epidemiol. 2015; 25: 907-911.

Goyal A, Nimmakayala KR, Zonszein J. Is there a paradox in obesity? Cardiol
Rev. 2014; 22: 163-170.

Citation: Garcia-Mayor RV. Obesity Paradox in Type 2 Diabetic People: the Evidence
Suggests that is the Results of Studies’ Biases. SM J Nutr Metab. 2016; 2(1): 1010.

Cragess


http://www.ncbi.nlm.nih.gov/pubmed/17846390
http://www.ncbi.nlm.nih.gov/pubmed/17846390
http://www.ncbi.nlm.nih.gov/pubmed/17846390
http://www.ncbi.nlm.nih.gov/pubmed/17846390
http://www.ncbi.nlm.nih.gov/pubmed/17846390
http://www.ncbi.nlm.nih.gov/pubmed/16926275
http://www.ncbi.nlm.nih.gov/pubmed/16926275
http://www.ncbi.nlm.nih.gov/pubmed/16926275
http://www.ncbi.nlm.nih.gov/pubmed/20424935
http://www.ncbi.nlm.nih.gov/pubmed/20424935
http://www.ncbi.nlm.nih.gov/pubmed/2513018
http://www.ncbi.nlm.nih.gov/pubmed/2513018
http://www.ncbi.nlm.nih.gov/pubmed/2513018
http://www.ncbi.nlm.nih.gov/pubmed/7555501
http://www.ncbi.nlm.nih.gov/pubmed/7555501
http://www.ncbi.nlm.nih.gov/pubmed/7555501
http://www.ncbi.nlm.nih.gov/pubmed/22871870
http://www.ncbi.nlm.nih.gov/pubmed/22871870
http://www.ncbi.nlm.nih.gov/pubmed/22871870
http://www.ncbi.nlm.nih.gov/pubmed/2752888
http://www.ncbi.nlm.nih.gov/pubmed/2752888
http://www.ncbi.nlm.nih.gov/pubmed/2752888
http://www.ncbi.nlm.nih.gov/pubmed/12587011
http://www.ncbi.nlm.nih.gov/pubmed/12587011
http://www.ncbi.nlm.nih.gov/pubmed/12587011
http://www.ncbi.nlm.nih.gov/pubmed/16681560
http://www.ncbi.nlm.nih.gov/pubmed/16681560
http://www.ncbi.nlm.nih.gov/pubmed/16681560
http://www.ncbi.nlm.nih.gov/pubmed/23139375
http://www.ncbi.nlm.nih.gov/pubmed/23139375
http://www.ncbi.nlm.nih.gov/pubmed/23139375
http://www.ncbi.nlm.nih.gov/pubmed/17468353
http://www.ncbi.nlm.nih.gov/pubmed/17468353
http://www.ncbi.nlm.nih.gov/pubmed/17468353
http://www.ncbi.nlm.nih.gov/pubmed/19460605
http://www.ncbi.nlm.nih.gov/pubmed/19460605
http://www.ncbi.nlm.nih.gov/pubmed/19460605
http://www.ncbi.nlm.nih.gov/pubmed/11036910
http://www.ncbi.nlm.nih.gov/pubmed/11036910
http://www.ncbi.nlm.nih.gov/pubmed/20930001
http://www.ncbi.nlm.nih.gov/pubmed/20930001
http://www.ncbi.nlm.nih.gov/pubmed/20930001
http://www.ncbi.nlm.nih.gov/pubmed/22432119
http://www.ncbi.nlm.nih.gov/pubmed/22432119
http://www.ncbi.nlm.nih.gov/pubmed/22432119
http://www.ncbi.nlm.nih.gov/pubmed/22432119
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/25938991
http://www.ncbi.nlm.nih.gov/pubmed/25938991
http://www.ncbi.nlm.nih.gov/pubmed/25938991
http://www.ncbi.nlm.nih.gov/pubmed/17388733
http://www.ncbi.nlm.nih.gov/pubmed/17388733
http://www.ncbi.nlm.nih.gov/pubmed/17388733
http://www.ncbi.nlm.nih.gov/pubmed/26421898
http://www.ncbi.nlm.nih.gov/pubmed/26421898
http://www.ncbi.nlm.nih.gov/pubmed/26385831
http://www.ncbi.nlm.nih.gov/pubmed/26385831
http://www.ncbi.nlm.nih.gov/pubmed/26385831
http://www.ncbi.nlm.nih.gov/pubmed/24896249
http://www.ncbi.nlm.nih.gov/pubmed/24896249

	Title
	Abstract
	Introduction 
	Search Strategy for Identification and Selection of Studies
	What Are Possible Explanations For Obesity Paradox In Type 2 Diabetes Patients? 
	Studies Reviewed
	Comments
	Conclusion
	Supportive foundations
	References
	Table 1

