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ABSTRACT
Introduction Several studies have argued a causal 
relationship between diabetes and depression, while 
others have highlighted that their association is a result 
of common risk factors. Because Mexico is a country 
with a high prevalence of diabetes, and diabetes and 
depression are a frequent comorbidity, we chose this 
country to investigate the longitudinal relationship of these 
two conditions, focusing on the influence of demographic, 
health, and socioeconomic factors which could act as 
common risk factors for both conditions.
Research design and methods Using the harmonized 
Mexican Health and Aging Study, a nationally 
representative sample of adults older than 50 with a 
response rate of 93%, we analyzed the longitudinal 
relationship of diabetes and depressive symptoms using 
‘between- within’ random- effects models, focusing on the 
effect of demographic, socioeconomic and health factors.
Results While older adults with diabetes reported a higher 
prevalence of depressive symptoms in the four waves of 
the study, there was no causal longitudinal association 
between them once controlling for demographic, 
socioeconomic and health factors (between- effect 
OR=0.88, 95% CI 0.77 to 1.01; within- effect OR=0.87, 
95% CI 0.69 to 1.11).
Conclusions There is no causal longitudinal association 
between diabetes and depression; the higher prevalence 
of depression among older adults with diabetes seems 
a result of socioeconomic and health factors that are 
not exclusive to respondents with diabetes but are more 
frequent in this group. Our results highlight the importance 
of prevention and control of chronic conditions as well as 
the role of socioeconomic inequalities in mental health.

INTRODUCTION
The worldwide prevalence of diabetes in 
adults aged 20–79 has been estimated to be 
6.4% years and is expected to increase to 
7.7% by 2030. However, this increase will not 
be the same for developed and developing 
countries. While estimations predict a 20% 
increase in developed countries, estimates 
for developing countries are much higher 
(69%).1 2 In the case of Mexico, this poses 
urgent public health concerns as the current 
prevalence of the condition is 11.8%, and its 

prevalence and the prevalence of its complica-
tions and related mortality are also expected 
to increase.2 3

Equally, the worldwide prevalence of 
depression is increasing. Even if rates vary 
depending on the measurement scale, results 
from previous studies in Mexico estimate a 
prevalence of depression in older adults of 
25.3%.4–7 Risk factors for late life depression 
include age, female gender, being a widower 
or single, low educational level, presence of 
physical illness, use of multiple drugs, pres-
ence of stressors and changes in brain white 
matter.8 Late life depression is associated 
with poorer outcomes from other physical 

Significance of this study

What is already known about this subject?
 ► Depression and diabetes are a frequent comorbidity 
in older adults.

 ► There are doubts about a causal relationship be-
tween depression and diabetes.

What are the new findings?
 ► In older adults from Mexico, there does not seem to 
be a causal relationship between diabetes and de-
pressive symptoms longitudinally.

 ► The relationship between diabetes and depressive 
symptoms is a result of the higher prevalence of oth-
er chronic conditions and socioeconomic hardship 
in this group.

 ► Older women from Mexico face a particular unfa-
vorable scenario for the development of depressive 
symptoms as they have higher prevalence of chronic 
conditions and lower socioeconomic resources.

How might these results change the focus of 
research or clinical practice?

 ► Clinicians should be aware of the risk factors for de-
pressive symptoms in older patients with diabetes 
and address comorbidities promptly.

 ► Public health policies should include reduction of 
health inequalities in diabetes treatment.

http://drc.bmj.com/
http://orcid.org/0000-0002-0448-5856
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2020-001789&domain=pdf&date_stamp=2020-10-11
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illnesses; it is linked to a higher incidence of dementia 
and is related to functional impairments and higher 
healthcare utilization rates and costs.9–11

Evidence suggests that people with diabetes have an 
increased risk of developing depression.12 13 Results from 
Mexico have estimated a prevalence of depression of 
48.27% among adults with diabetes.14 Because of this rela-
tionship, previous research has tried to explain a causality 
chain. While some studies suggest that a new diagnosis of 
diabetes generates a sense of threat and loss which could 
trigger the onset of depression, others have proposed that 
this higher prevalence is related to a general psycholog-
ical distress of being sick; therefore, depression among 
people with diabetes would seem not exclusively diabetes- 
related. However, another possible explanation is that 
both share common sociodemographic, economic and 
health risk factors, for example age, female gender, lower 
education and lower income, lower self- rated health, and 
multimorbidity.15–18 In summary, it is still unclear whether 
diabetes itself increases the risk of onset of depression or 
if this relationship is a result of common risk factors.19

In the current study we addressed these issues by 
looking into the prevalence of depression in older adults 
with diabetes across the four waves of the Mexican Health 
and Aging Study (MHAS) and analyzing the longitudinal 
relationship of diabetes and depression using a ‘between- 
within’ random- effects approach.

MATERIALS AND METHODS
Data and sample
We used panel survey data from the four waves of the 
MHAS (2001, 2003, 2012 and 2015). This is a prospective 
study of aging focusing on examining the aging processes 
as well as the burden of disease and disability in a repre-
sentative panel of older adults from Mexico born prior to 
1951 and their spouses regardless of their age.20 As MHAS 
is only nationally representative of adults 50 and older, 
we decided not to include the younger spouses. MHAS 
was designed following the framework of the Health 
and Retirement Study from the USA and has a refresher 
sample in the 2012 wave. A flow chart representing the 
sampling strategy of respondents with known diabetes 
is presented in figure 1. For the descriptive statistics, we 
included adults older than 50 with valid responses for 
each of the variables with a self- reported diabetes status 
at baseline and analyzed the differences between respon-
dents with and without diabetes (see table 1). For the 
panel data analyses, we included all available data from 
adults older than 50 regardless of their diabetes status 
at baseline in order to analyze the effect of change in 
diabetes status.

Measures
The independent variable of this study is self- reported 
diabetes. Respondents were asked ‘has a doctor or 

Figure 1 Data screening process flow chart of adults aged 50 and older with known diabetes status by wave.
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medical personnel ever diagnosed you with diabetes?’ 
Even if the question does not specify the type of diabetes, 
as this is a sample of older adults it is assumed that it 
is diabetes type 2. For the descriptive analyses we only 
included respondents with known diabetes status, while 
for the longitudinal analyses we included all individuals. 
In order to find the overall effect of having diabetes and 
the effect of change in diabetes status, the mean and 
the time lagged variables were included in the models. 
Time lagged variables represent the difference between 
the baseline response and the response in the next wave, 
reflecting a change in diabetes status if the respondent 
did not have diabetes at baseline and has an affirmative 
response on the next wave.

The dependent variable is depressive symptoms 
measured by the Center for Epidemiological Studies- 
Depression-9 (CESD-9). This scale is an adaptation of 
the Center for Epidemiological Studies- Depression-20 
(CESD-20) scale for Anglo- Saxon participants. The equiv-
alent CESD-9 has been validated for the Mexican popula-
tion. This scale has a calculated sensitivity of 80.7% and 
a specificity of 68.7%, and a cut- off of 5 points has been 
used previously to analyze clinically significant symptoms 
of depression.21

Other control variables
Demographic control variables included three age cate-
gories (50–59, 60–69 and 70+), gender (male or female) 
and marital status (married, widowed separated or 
divorced, and never married). Socioeconomic variables 
used as covariates were net worth in quintiles, education 
in four categories, and being employed or not. Finally, 
health variables included body mass index (BMI), 
number of chronic conditions (arthritis, hypertension, 
heart conditions, lung disease and cancer) and self- rated 
health as a proxy for objective health status. For the panel 
data analyses, for all dichotomic and continuous vari-
ables, the mean and the time- demeaned variables were 
included in the models in order to find the ‘between’ 
and ‘within’ effects. The effects of smoking were consid-
ered but were not significant in the cross- sectional anal-
yses and did not change the result of the models so were 
left out.

Analysis strategy
The first analysis used Pearson’s χ2 test in order to find 
significant distribution differences between the groups 
by diabetes status by wave. Depressive symptoms in the 
four waves of the study as well as demographic, health 
and socioeconomic characteristics were included (see 
table 1). This was followed by panel data analyses using 
‘between- within’ random- effects models in order to 
distinguish significant differences between respondents 
with or without the condition (between effect) using the 
average diabetes status, from the subject- specific effect of 
a change in status over time (within individuals) using the 
time lagged diabetes status variable. Significant results 
of only between estimates would suggest that the effect 
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of diabetes is driven by unobserved between- individual 
characteristics which have not been controlled for, or 
selection effects bias as individuals with diabetes may 
be inherently different from those without the condi-
tion. Significant within- effects estimates would provide 
better causal inferences as these indicate whether, for 
an individual, a change in diabetes status affects the 
likelihood of depressive symptoms (analogous to fixed- 
effects models).22 With regard to missing values, similar 
to random- effects models, between- within random- 
effects models hold the assumption that data are missing 
at random, so no imputation or other further tests of 
missing values were performed. The first model (M1) 
included diabetes status and demographic characteristics 
(age, gender and marital status). Then, in order to find 
if the significance of the effect of these characteristics 
was modified by other factors, the second model (M2) 
included socioeconomic factors (net worth, education 
and employment) and the third model included health 
conditions (obesity status, number of chronic conditions 
and self- rated health).

RESULTS
Descriptive statistics
As table 1 shows, significant differences were seen among 
respondents with and without diabetes. As expected, 
respondents with diabetes experienced a significantly 
higher prevalence of depressive symptoms across the 
four waves of the study when compared with respondents 
without the condition.

At wave 1 there were no significant differences in age; 
however, in wave 2 respondents without the condition 
were significantly older than respondents with diabetes, 
but by waves 3 and 4 respondents with diabetes were 
significantly older than respondents without. Table 1 also 
shows that, with regard to gender, across the four waves 
of the study a higher proportion of those with diabetes 
were women. With regard to socioeconomic conditions, 
there were only significant differences in net worth at the 
first wave; however, in the second, third and fourth waves 
there were no significant differences. The χ2 analysis of 
education categories showed that during the first two 
waves of the study there were no significant differences in 
education between the two groups; however, during the 
third and fourth waves there was a significantly higher 
proportion without the condition with 7 or more years of 
studies. Across the three last waves, a higher proportion 
of respondents with diabetes did not work. Finally, when 
looking into health conditions, a significantly higher 
proportion of respondents with diabetes were obese and 
reported significantly higher number of chronic condi-
tions and worse self- rated health across the four waves of 
the study.

Longitudinal relationship between diabetes and depression
Table 2 summarizes the results from the longitudinal 
relationship between diabetes and depression using a 

Table 2 Longitudinal relationship between diabetes and 
clinically significant depressive symptoms and the effect of 
demographic, health and socioeconomic characteristics in 
older adults from Mexico

M1
Demographic 
characteristics

M2
Demographic 
and health 
characteristics

M3
Demographic, 
health and 
socioeconomic 
characteristics

Diabetes

  Diabetes 1.72***
(1.51 to 1.94)

1.65***
(1.45 to 1.88)

0.88
(0.77 to 1.01)

  New diagnosis 
of diabetes

1.32**
(1.08 to 1.61)

1.23
(0.99 to 1.51)

0.87
(0.69 to 1.11)

Age

  Age 1.02***
(1.01 to 1.03)

0.99***
(0.90 to 1.01)

0.98***
(0.97 to 0.99)

  Increasing age 1.00
(0.99 to 1.00)

0.99*
(0.99 to 1.00)

0.98**
(0.97 to 0.99)

Gender†

  Female 2.94***
(2.93 to 2.65)

2.28***
(2.03 to 2.56)

1.92***
(1.70 to 2.17)

Marital status‡

  Not in 
partnership

1.64***
(1.56 to 1.92)

1.67***
(1.50 to 1.85)

1.72***
(1.54 to 1.92)

Education§

  Primary school 1.69***
(1.46 to 1.95)

1.08
(0.94 to 1.25)

  Less than 
primary school

2.38***
(2.08 to 2.71)

1.30***
(1.12 to 1.47)

  No education 3.01***
(2.58 to 3.51)

1.58***
(1.32 to 1.83)

Net worth

  Lower net 
worth

1.18***
(1.13 to 1.24)

1.09***
(1.04 to 1.15)

  Change in net 
worth

1.00
(0.97 to 1.04)

0.98
(0.94 to 1.03)

Work

  No work 1.57***
(1.35 to 1.83)

1.21*
(1.03 to 1.40)

  Change in work 
status

1.19**
(1.05 to 1.36)

1.12
(0.97 to 1.30)

BMI

  Higher BMI 0.98**
(0.97 to 0.99)

  Change in BMI 1.00
(0.98 to 1.02)

Number of chronic conditions

  Higher number 1.33***
(1.23 to 1.43)

  Increasing 
number

1.24***
(1.12 to 1.38)

  Self- rated 
health

  Lower 4.95***
(4.51 to 5.68)

  Worsening 2.08***
(1.90 to 2.28)

Significance *** *** ***

n 22 691 20 985 16 859

Continued
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‘between- within’ random- effects approach. In M1, when 
including only diabetes and demographic character-
istics, respondents with the condition showed higher 
odds of clinically significant depressive symptoms (OR 
1.71, p<0.00), as did respondents who developed diabetes 
throughout the course of the study (OR 1.32, p<0.01). 
This effect was modified in M2, where respondents 
with diabetes reported significantly higher odds (OR 
1.65, p<0.000) of depressive symptoms compared with 
those without, but the individual change in diabetes status 
(within effect) did not increase these odds significantly 
(OR 1.23). Finally, in M3, once including other health 
factors to the model, respondents with diabetes did not 
report significantly higher odds of depressive symptoms 
(OR 0.88, p=0.07), nor did respondents with a change in 
diabetes status (OR 0.87, p=0.24).

This last model also shows that the demographic and 
socioeconomic factors associated with higher odds of 
clinically significant depressive symptoms longitudinally 
in older adults from Mexico were female gender (OR 
1.92, p<0.00), not in a partnership (OR 1.72, p<0.00), 
lower educational achievements (OR 1.28, OR 1.55 and 
OR 1.10 for each education category group), a lower than 
average net worth (OR 1.10, p<0.00), as well as not having 
a job (OR 1.21, p<0.05). In the case of health character-
istics, a higher than average and a change in number of 
chronic conditions (OR 1.33 and OR 1.24, respectively, 
p<0.00) and worse and a change in self- rated health 
(OR 4.95 and OR 2.08, respectively, p<0.00) significantly 
increased the likelihood of depressive symptoms.

DISCUSSION
Individuals with diabetes have a higher prevalence of 
depression. However, discussions of a causal effect of 
diabetes on depression remain inconclusive. While some 
suggest diabetes as a causal mechanism, others suggest 
that this association is a result of common risk factors. In 
the current study we addressed this issue by looking into 
the prevalence of depression in older adults with diabetes 
at the four waves of the MHAS and by analyzing the rela-
tionship with a longitudinal panel.

Results from these analyses showed that respondents 
with diabetes reported a prevalence of between 13% 

and 6% higher depressive symptoms when compared 
with respondents without the condition. These results 
are similar to previous studies. In our sample the prev-
alence of depressive symptoms among older adults with 
diabetes ranged from 37% to 47%, while previous studies 
had estimated a prevalence of between 46% and 63%.14 
Descriptive statistics also showed that a significantly 
higher proportion of respondents with diabetes across 
the four waves of the study were women, obese, reported 
significantly higher number of chronic conditions and 
worse self- rated health, and did not have a job across the 
four waves of the study, and that in the last two waves a 
lower proportion of respondents with diabetes reached 7 
or more years of education. These findings are supported 
by previous research on depression after the age of 65 
which concluded that older age, being a woman, lower 
educational levels, having physical illness, use of multiple 
drugs, as well as the existence of psychosocial stressors are 
risk factors for depression.8 These contextual factors are 
particularly relevant in Mexico, where a higher propor-
tion of women are obese, have multiple chronic condi-
tions but are also less well- off and have lower educational 
achievements.23–25 In the case of multimorbidity, a recent 
meta- analysis by Read et al26 concluded that the risk of 
depressive disorders was two to three times more likely 
among individuals with two or more chronic conditions. 
In the same way, our results show that this is true among 
older adults from Mexico and that not only having higher 
number but an increasing number of chronic conditions 
significantly increased the odds of depressive symptoms. 
In sum, respondents with diabetes showed a significantly 
higher prevalence of depressive symptom but also a 
significantly higher prevalence of risk factors for depres-
sion across the four waves of the study.

Results from the longitudinal analyses suggest that once 
controlling for socioeconomic and health factors, having 
diabetes did not significantly increase the odds of depres-
sive symptoms. The different models show that the main 
drivers of the relationship between diabetes and depressive 
symptoms are socioeconomic and health factors, which are 
not exclusive to diabetes. In M1, when including only demo-
graphic characteristics, the between and within individual 
effects of diabetes were significantly associated with depres-
sive symptoms, as were the average and individual effects of 
older age, being a woman and not being in a partnership. 
However, in M2, when including socioeconomic character-
istics, significant differences between respondents with and 
without diabetes persisted, but the within- individual effect of 
diabetes did not. Results from this model suggest that the 
effect between respondents with and without diabetes could 
be driven by unobserved individual characteristics which were 
not controlled for, or that respondents with the condition are 
inherently different from those without the condition with 
regard to personality traits or experiences. With regard to the 
effect of socioeconomic characteristics on depressive symp-
toms, our results are consistent with previous studies which 
have suggested that cumulative economic hardship could 
increase chronic inflammation, which in turn would increase 

M1
Demographic 
characteristics

M2
Demographic 
and health 
characteristics

M3
Demographic, 
health and 
socioeconomic 
characteristics

F- statistic 797 1023 1471

Own calculation using harmonized MHAS data set from the Gateway to 
Global Aging Data and the fourth wave of MHAS.
*P=0.05–0.01, **P=0.01–0.001, ***P<0.001 (95% CI).
†Reference category: male.
‡Reference category: married.
§Reference category: more than 7 years of education.
BMI, body mass index; MHAS, Mexican Health and Aging Study.

Table 2 Continued
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the prevalence of type 2 diabetes and depression,27 and thus 
the inclusion of these characteristics modified the findings 
from M1. In M3, when including the between and within 
effects of BMI, number of chronic conditions, and self- rated 
health, the significant differences seen between respondents 
with and without diabetes became non- significant. Going 
back to the results from the descriptive statistics, respondents 
with diabetes experienced significantly lower education, 
higher prevalence of obesity, chronic conditions and worse 
self- rated health, all of which are considered risk factors 
for depression in the elderly.8 Thus, our results suggest the 
higher prevalence of these characteristics among respon-
dents with diabetes as the main driver of depressive symp-
toms longitudinally and these results agree with previous 
findings. Findings are not exclusive to the Mexican popula-
tion; they are similar to the results from the German longi-
tudinal study by Boehme et al,28 where using data from 3222 
individuals with type 2 diabetes the authors concluded that 
functional health (mobility, pain and activities of daily living) 
and self- rated health were the best predictors of depressive 
symptoms. They also agree with the study by Chima et al 27 in 
a USA- based population which concluded that the highest 
rates of depression in individuals with diabetes were seen 
among those experiencing multimorbidity.

These results do not oppose theories on a possible 
common biological origin of both diabetes and depression. 
For example, the role of in utero fetal and maternal stress 
or genetic predispositions could cause dysregulation of the 
hypothalamic pytuitary adrenal axis and thus result in a series 
of chronic conditions such as diabetes, depression or cardio-
vascular conditions. Our results, however, emphasize that this 
relationship is not unique to diabetes and depression but for 
other conditions as well. They also suggest a possible role of 
chronic inflammation on depressive symptoms, as it would be 
expected that respondents with a higher number of chronic 
conditions would have higher circulating proinflammatory 
cytokines, which have been suggested to mediate the effect 
of multimorbidity on disability.29 Our findings showed that 
worse self- rated health and worsening self- rated health also 
had a significant longitudinal relationship with depressive 
symptoms. These results equally agree with previous findings 
in population surveys where lower self- rated health is asso-
ciated with higher prevalence of depression in older adults 
from Costa Rica,30 and with a research done in clinical setting 
where poorer self- rated health increased the risk of long- term 
depression.31 However, the biochemical processes that could 
link self- rated health, diabetes and depressive symptoms are 
less studied and understood. Previous studies trying to asso-
ciate self- rated health and inflammatory biomarkers have 
not been successful and thus should be furthered studied.32 
Findings from this and previous studies suggest that preven-
tion of diabetes- associated multimorbidity and strategies to 
increase self- rated health status could decrease the cross- 
sectional relationship between diabetes and depressive symp-
toms. This is important in Mexico, where the International 
Diabetes Federation Global Diabetes Scorecard has high-
lighted several deficiencies in diabetes prevention, diagnosis, 
treatment and medication provision, and the Organisation 

for Economic Co- operation and Development has criticized 
the high out- of- pocket expenses and inefficient availability of 
healthcare provision.33 34

In sum, the main finding of our study was that, even 
if longitudinally respondents with diabetes and respon-
dents with a new diagnosis of diabetes showed significantly 
increased likelihood of having depressive symptoms, it seems 
that this association is related to factors that are not exclu-
sively diabetes- related but are more frequent in the group 
with the condition. These results are not exclusive of the 
Mexican population and are supported by previous research 
suggesting that diabetes does not cause depression, but that 
depression is rather a result of many other conditions that 
are more prevalent among individuals with diabetes.

Our study has some limitations. There is the possibility that 
patients with diabetes and high levels of depressive symp-
toms measured by the CES- D questionnaire are not clin-
ically depressed. Evidence suggests that when used among 
individuals with diabetes, the CESD score reflects more 
accurately diabetes- specific distress instead of clinical depres-
sion.35 Another limitation is the smaller sample of individuals 
with diabetes (n=1524) compared with the sample of those 
without (n=5368). Finally, the MHAS has only four waves, 
with a gap of 9 years between the 2003 and 2012 samples; 
some respondents may have had transitions in clinically 
significant depressive symptoms during that gap.

CONCLUSIONS
Older adults with diabetes have a higher prevalence of 
depressive symptoms compared with those without the 
condition. However, it seems that this relationship is a result 
of the higher prevalence of social and health risk factors 
shared by both conditions. Therefore, the effect of diabetes 
on the longitudinal prevalence of depressive symptoms was 
non- significant when considering these factors. Overall our 
results agree with other international studies highlighting 
the importance of prevention of multimorbidity and the 
role of socioeconomic factors, such as net worth and educa-
tion, on mental health among respondents with and without 
diabetes. Additionally, they also highlight the effect of socio-
economic and health characteristics on the risk of depressive 
symptoms in women from Mexico. Further studies should 
focus on analyzing the biochemical mechanisms by which 
these socioeconomic and health characteristics increase 
depressive symptoms and on how healthcare policies could 
decrease these associations.

Acknowledgements The MHAS (Mexican Health and Aging Study) is partly 
sponsored by the National Institutes of Health/National Institute on Aging in the 
United States and the Instituto Nacional de Estadística y Geografía (INEGI) in 
Mexico.

Contributors TA- C conceived of the presented idea, developed the theory, 
performed the computations, and drafted the discussion and conclusion. PR- R 
and CG- P verified the analytical process. All authors discussed the results and 
contributed to the final manuscript.

Funding This project was supported by a grant from the Secretaría de Educación, 
Ciencia, Tecnología e Innovación de la Ciudad de México CM- SECTEI/041/2020 
‘Red colaborativa de Investigación Traslacional para el Envejecimiento Saludable de 
la Ciudad de México (RECITES)’.



8 BMJ Open Diab Res Care 2020;8:e001789. doi:10.1136/bmjdrc-2020-001789

Epidemiology/Health services research

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The MHAS was approved by the institutional review boards 
and ethics committees of the University of Texas Medical Branch in the USA 
(R01AG018016, R Wong, P), the Instituto Nacional de Estadística y Geografía (INEGI), 
and the Instituto Nacional de Salud Pública (INSP) in Mexico. All participants gave 
informed consent before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access 
repository. All data and documentation used in this study are publicly available 
from the Mexican Health and Aging Study to any registered user at http://www. 
mhasweb. org.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Teresa Alvarez- Cisneros http:// orcid. org/ 0000- 0002- 0448- 5856

REFERENCES
 1 Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the 

prevalence of diabetes for 2010 and 2030. Diabetes Res Clin Pract 
2010;87:4–14.

 2 Guariguata L, Whiting DR, Hambleton I, et al. Global estimates of 
diabetes prevalence for 2013 and projections for 2035. Diabetes Res 
Clin Pract 2014;103:137–49.

 3 Soto- Estrada G, Moreno Altamirano L, García- García JJ, 
et al. Trends in frequency of type 2 diabetes in Mexico and its 
relationship to dietary patterns and contextual factors. Gac Sanit 
2018;32:283–90.

 4 Barua A, Ghosh MK, Kar N, et al. Prevalence of depressive disorders 
in the elderly. Ann Saudi Med 2011;31:620–4.

 5 Blazer DG. Depression in late life: review and commentary. J 
Gerontol A Biol Sci Med Sci 2003;58:M249–65.

 6 Guerra M, Ferri CP, Sosa AL, et al. Late- Life depression in Peru, 
Mexico and Venezuela: the 10/66 population- based study. Br J 
Psychiatry 2009;195:510–5.

 7 García- Peña C, Wagner FA, Sánchez- Garcia S, et al. Depressive 
symptoms among older adults in Mexico City. J Gen Intern Med 
2008;23:1973–80.

 8 Sözeri- Varma G. Depression in the elderly: clinical features and risk 
factors. Aging Dis 2012;3:465–71.

 9 Rodda J, Walker Z, Carter J. Clinical review depression in older 
adults. BMJ 2011;343.

 10 Lavretsky H, Kumar A. Clinically significant non- major depression: 
old concepts, new insights. Am J Geriatr Psychiatry 2002;10:239–55.

 11 Lopez AD, Mathers CD, Ezzati M, et al. Global and regional burden 
of disease and risk factors, 2001: systematic analysis of population 
health data. Lancet 2006;367:1747–57.

 12 Chireh B, Li M, D'Arcy C. Diabetes increases the risk of depression: 
a systematic review, meta- analysis and estimates of population 
attributable fractions based on prospective studies. Prev Med Rep 
2019;14:100822.

 13 Hasan SS, Mamun AA, Clavarino AM, et al. Incidence and risk 
of depression associated with diabetes in adults: evidence from 
longitudinal studies. Community Ment Health J 2015;51:204–10.

 14 Tovilla- Zárate C, Juárez- Rojop I, Peralta Jimenez Y, et al. Prevalence 
of anxiety and depression among outpatients with type 2 diabetes in 
the Mexican population. PLoS One 2012;7:e36887.

 15 Lorant V, Deliège D, Eaton W, et al. Socioeconomic inequalities in 
depression: a meta- analysis. Am J Epidemiol 2003;157:98–112.

 16 Lorant V, Croux C, Weich S, et al. Depression and socio- economic 
risk factors: 7- year longitudinal population study. Br J Psychiatry 
2007;190:293–8.

 17 Calum D, Moulton D. Depression and diabetes 2 the link between 
depression and diabetes: the search for shared mechanisms. Lancet 
Diabetes Endocrinol 2015;3:461–71.

 18 Wennberg P, Rolandsson O, van der A DL, et al. Self- Rated health 
and type 2 diabetes risk in the European prospective investigation 
into cancer and Nutrition- InterAct study: a case- cohort study. BMJ 
Open 2013;3:e002436.

 19 Chen P- C, Chan Y- T, Chen H- F, et al. Population- Based cohort 
analyses of the bidirectional relationship between type 2 diabetes 
and depression. Diabetes Care 2013;36:376–82.

 20 MHAS Mexican Health and Aging Study. Data Files and 
Documentation(public use): Mexican Health and Aging Study, 2018. 
Available: http://www. mhasweb. org [Accessed 3 Oct 2018].

 21 Aguilar- Navarro SG, Fuentes- Cantú A, Avila- Funes JA, et al. [Validity 
and reliability of the screening questionnaire for geriatric depression 
used in the Mexican Health and Age Study]. Salud Publica Mex 
2007;49:256–62.

 22 Schunck R, Perales F. Within- and Between- cluster effects in 
generalized linear mixed models: a discussion of approaches and 
the Xthybrid command. Stata J 2017;17:89–115.

 23 INEGI. Encuesta Nacional sobre Salud Y Envejecimiento en México 
(ENASEM) 2012. Boletin Prensa Num. 389/13, 2013: 7–14. http://
www. inegi. org. mx/ est/ contenidos/ proyectos/ encuestas/ hogares/ 
especiales/ enasem/ default. aspx

 24 INEGI. Encuesta Nacional de Empleo Y Seguridad social (ENESS) 
2013. Aguascalientes,AGS, 2014.

 25 Gutiérrez J, Rivera- Dommarco JS- L, Villalpando- Hernández T, et al. 
Encuesta Nacional de Salud Y Nutrición 2012. Cuernavaca, Mexico: 
Resultados Nacionales, 2012.

 26 Read JR, Sharpe L, Modini M, et al. Multimorbidity and 
depression: a systematic review and meta- analysis. J Affect Disord 
2017;221:36–46.

 27 Chima CC, Salemi JL, Wang M, et al. Multimorbidity is associated 
with increased rates of depression in patients hospitalized with 
diabetes mellitus in the United States. J Diabetes Complications 
2017;31:1571–9.

 28 Boehme S, Geiser C, Renneberg B. Functional and self- rated health 
mediate the association between physical indicators of diabetes and 
depressive symptoms. BMC Fam Pract 2014;15:157.

 29 Friedman EM, Christ SL, Mroczek DK. Inflammation partially 
mediates the association of multimorbidity and functional limitations 
in a national sample of middle- aged and older adults: the MIDUS 
study. J Aging Health 2015;27:843–63.

 30 Reyes Fernández B, Rosero- Bixby L, Koivumaa- Honkanen H. 
Effects of self- rated health and self- rated economic situation on 
depressed mood via life satisfaction among older adults in Costa 
Rica. J Aging Health 2016;28:225–43.

 31 Ambresin G, Chondros P, Dowrick C, et al. Self- Rated health and 
long- term prognosis of depression. Ann Fam Med 2014;12:57–65.

 32 Jarczok MN, Kleber ME, Koenig J, et al. Investigating the 
associations of self- rated health: heart rate variability is more 
strongly associated than inflammatory and other frequently used 
biomarkers in a cross sectional occupational sample. PLoS One 
2015;10:e0117196.

 33 OECD. OECD reviews of health systems 2016. Mexico,Paris: OECD 
Publishing, 2016.

 34 International Diabetes Federation. The global diabetes Scorecard. 
Brussels, 2014. Available: http://www. idf. org/ global- diabetes- 
scorecard/ assets/ downloads/ Scorecard- 29- 07- 14. pdf

 35 Fisher L, Chesla CA, Mullan JT, et al. Contributors to depression 
in Latino and European- American patients with type 2 diabetes. 
Diabetes Care 2001;24:1751–7.

http://www.mhasweb.org/
http://www.mhasweb.org/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0448-5856
http://dx.doi.org/10.1016/j.diabres.2009.10.007
http://dx.doi.org/10.1016/j.diabres.2013.11.002
http://dx.doi.org/10.1016/j.diabres.2013.11.002
http://dx.doi.org/10.1016/j.gaceta.2017.08.001
http://dx.doi.org/10.4103/0256-4947.87100
http://dx.doi.org/10.1093/gerona/58.3.M249
http://dx.doi.org/10.1093/gerona/58.3.M249
http://dx.doi.org/10.1192/bjp.bp.109.064055
http://dx.doi.org/10.1192/bjp.bp.109.064055
http://dx.doi.org/10.1007/s11606-008-0799-2
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/23251852
http://dx.doi.org/10.1097/00019442-200205000-00003
http://dx.doi.org/10.1016/S0140-6736(06)68770-9
http://dx.doi.org/10.1016/j.pmedr.2019.100822
http://dx.doi.org/10.1007/s10597-014-9744-5
http://dx.doi.org/10.1371/journal.pone.0036887
http://dx.doi.org/10.1093/aje/kwf182
http://dx.doi.org/10.1192/bjp.bp.105.020040
http://dx.doi.org/10.1136/bmjopen-2012-002436
http://dx.doi.org/10.1136/bmjopen-2012-002436
http://dx.doi.org/10.2337/dc12-0473
http://www.mhasweb.org
http://dx.doi.org/10.1590/s0036-36342007000400005
http://dx.doi.org/10.1177/1536867X1701700106
http://www.inegi.org.mx/est/contenidos/proyectos/encuestas/hogares/especiales/enasem/default.aspx
http://www.inegi.org.mx/est/contenidos/proyectos/encuestas/hogares/especiales/enasem/default.aspx
http://www.inegi.org.mx/est/contenidos/proyectos/encuestas/hogares/especiales/enasem/default.aspx
http://dx.doi.org/10.1016/j.jad.2017.06.009
http://dx.doi.org/10.1016/j.jdiacomp.2017.08.001
http://dx.doi.org/10.1186/1471-2296-15-157
http://dx.doi.org/10.1177/0898264315569453
http://dx.doi.org/10.1177/0898264315589577
http://dx.doi.org/10.1370/afm.1562
http://dx.doi.org/10.1371/journal.pone.0117196
http://www.idf.org/global-diabetes-scorecard/assets/downloads/Scorecard-29-07-14.pdf
http://www.idf.org/global-diabetes-scorecard/assets/downloads/Scorecard-29-07-14.pdf
http://dx.doi.org/10.2337/diacare.24.10.1751

	Longitudinal relationship of diabetes and depressive symptoms in older adults from Mexico: a secondary data analysis
	Abstract
	Introduction
	Materials and methods
	Data and sample
	Measures
	Other control variables

	Analysis strategy

	Results
	Descriptive statistics
	Longitudinal relationship between diabetes and depression

	Discussion
	Conclusions
	REFERENCES


